
Darwin Online: courtesy Okiahoma University Libraries 






Darwin Online: courtesy Oklahoma University Libraries 




tv- ■ 



I 




Darwin Online: courtesy Oklahoma University Libraries 



fsin 









INSECTIVOROUS PLANTS. 



WORKS BY THE SAME AUTHOR. 



\ NATURALIST’S .TOUBXAL OR RESEARCHRS TNTO 

* TiiR Natckal History am= or CousTui-.a visiTRD a Vor 

EouMJ THE WortLD. Ji!igkt&m^th Thout(tnd. ^^uodcutu, MUicitA ■ 

THE ORIGIJf OP SPECIES BY MEANS OF NATURaAL 

SELIiCTION; ot, The PuitsiEEtVATiON' OP Favoured IIaces is tiih 
Strlgolb for Life. iTiirty- third Thoumnd. Woodcuts. I^rge type 
Edition, £ vols. Crown avo., I'Ji* Cheap Edition, 6 JIchray, 

THE VARIOUS CONTRIVANCES BY WHICH ORCHIDS 

ARE FElt i LLlZEl) BY INSEd'a. J'oarik Tfiousaiid. WoodcutSs 7*p6ti. 

Murhav. 

THE VARIATION OP ANIMALS AND PLaYNTS UNDER 

DOMESI'ICATIOX. rS'iiiAp lllustrAtloiis, 15 a. Mceeay. 

THE DESCENT OF MAN, AND SELECTION IN RELA- 
TION TO SEX. Ttveniy- first Tkoumnd. lilii-tratioiia, ijirge Type Edition. 
2 voia. Crown Rvo,, iss. Cheap Edition* 7^. Gd, Muhrav. 

THE EXPRESSION OF THE E^ROTXONS IN MAN AND 

AKl^lALS, Jiintfi Thousand, Xllustfatiuiis. !Murhay. 

INSECTIVOROUS PLANTS. Fifth Thousand. Illustnitions. Os. 

M UlERAT. 

THE JIOVE3IENTS AND HABITS OF CLIMBING I’LANTS. 

r/iini Tlumsand. Woodcut.. 6r. Mukkay, 

THE EFFECTS OF CROSS AND SELF-FERTILIZATION 

IN THE VEOETAIJLE KlNGDOil. Third Thousand, illustrations. 9#. 

Murray, 

THE DIFFERENT FORMS OF FLOWERS ON PLANTS OF 

THE SAME SPECIES- Third Thousand, li lustrations. Is, Gd. Murdav* 
THE POWER OP MOVEMENT IN PLANTS. Third Tliousand. 

\Vofldcuia. irnsRAV. 

IHE FOKM.ATION OF VEGETABLE 3IOULD THROUGH 
Til hi ACTION OF tV^OUAIS. 2'Aow*aMtl. IVoodcuta. Crown avo.» 6.* 

AX u "tt 1^ 

LIFE OF ERASMUS DARI\ IN. With a Study of his SoieutiGc 

Wort., Portrait. 1*. 6d. Muiiuay 

distribution op CORAL 

GEOLOGICAL OBte^ATIONS ON VOLOANIO ISLANDS 
A MONOGRAPH OF THE FOSSr^^'^U.YY^'^n 

VE1IUUC10.K OF O ltFAT 

DARWIN. By Prita 

W. S. Dallas, fX.S. Hlust'rat '‘■“‘‘■''r- Traiislatoi by 

* ■ Ml' HU AY* 



INSECTIVOROUS PLANTS 



By 



CHAELES 



DARWIN, AI.A., E.R.S, 

ETC. 



SECOND EDITION 
REVISED BY FRANCIS DARWIN. 



WITH ILLUSTRATIONS. 



LONDON: 

JOHN MURRAY, ALBEMARLE STREET. 

1888. 



TAc right of Translation i& reserved^ 








X, 



Darwin Online: courtesy Oklahoma University Libraries 






PREFACE TO THE SECOND EDITION. 



In tte present Edition I have not attempted to give a 
complete account of the progrcBs of the subject since 1875. 
Nor havo I called attention to those passages occurring 
occasionally throughout tho hook wherein the Author makes 
use of csiplanationSj illustrations, or reference to authorities 
which seem to me not perfectly satisfactory. 1 have merely 
wished to indicate the more important points brought to 
light by recent research. Tho additions axe in somo cases 
placed in the text, but they are more commonly given as 
footnotes. They are, in all cases, indicated by means of 
square brackets^ 

Misprints, errors in numbers, the., have been set right, 
and a few verbal corrections have been taken from Charles 
Darwin’s copy of tho Eirst Edition. Otherwise the text 
remains unchanged. 



Cambreoge, 

1883. 



Ekancis Darwin. 
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INSECTIYOEOUS PLANTS 



CIIAPTEE I. 

Droseha rotundifoliAj or the coMJroN Sck-oe\v% 

Nuntber of insects captured“l>escription of the knTCi; and their appendages 
or tentacle* — PretiTEinary sketch of the action of the various [narte, iSCiid 
of the manner in which insects are captured — ^Diintioa of the Lndection 
of the tentacles — Nature of the secretion — -Manner in which insects are 
carried to the centre of the leaf — Evidence that tlie glands have the 
power of absorption — -Small size of the roots. 

BuRiNfi tlio stimmcT of 18 &0, 1 was atir prised by finding how- 
largo a number of iiiisecte wore caitght by the loaves of the 
common, suiwlew (^IJrosera roiundifolia) on a lieatli in Sussex^ 
I had lieard that insecta were thus caught, hut know nothing 
further on the subject** I gathered by chance a dozen plants. 



• As Dr. Xitschke has given Bot. 
Zeituug,* 13fi0, p. i221+) the bihlio-* 
graphy of Drosera, I need not here 
1 go into details* Most of the notices 

published before 1800 are brief and 
unimportant. The oldest paper seeins 
' to have been one of the most valuable, 
j namely, by Dr. Roth, in 1782. [In 
the* Quarterly Journal of Science and 
j Art/ 1829, G* T. Burnett expressed 
his belief that Drosera profits bv the 
, absorption of nutritive matter from 
the captured insects.— F. D*] There 
is also an interesting though short 
account of the habits of Drosera by 
Dr* Milde, in the *Bot. Zeitnng/ 
1852, p^ 540. la 18 h^p 5, in the *An- 
nalcs des Sc. nat. hot./ tom. iii. p]n, 
2EJ7 and 804, MM. Greenland and 



Tricul each published papers, with 
figures, nn the structure of the leaves l 
but M* Trecul went so far as to doubt 
whether they ]iOSSefiBed any piower of 
movement. Or- Nitschke s papers in 
the * l^t Zeitung^ for 18fi0 and 
1861 are by far the moat important 
ones which have been published, both 
on the iiabits and structure of this 
plant ; and I shall frequently have 
occasion to quote from them. His 
discussions on several points, ior in- 
stance on the transmission of au 
excitement from one part of the leaf 
to another, arc eicellciit* On Dec. 
11, 1882, Mr. J. Scott read a pper 
before the Botanical Society of Edin- 
burgh, which was piublished in the 
* Qai-dencr’s Chrouicle,’ 1863, p- 

B 



O DHOSHUA lillTUXmKOl-tA. [CiiAi'. r. 

bcarinc; fifty-!,! s fully expomlud IcuveB, nud on tlm ty-ono of 
thcBO dciwl irneetij or romiisiuts of them ndheicd; and, no 
douU, many more would have beeu caught afteiwaida by 
theao some lonvea, niid still more by those ay ot not expanded. 
Ou one plant all six leaves hud caught thcii pioj , and on 
ucvcml plautB veiy many leaves had caught moTO than a 
siuglc iuscet. On one large leaf I found the remains ij 
thirteen distinct iuseets. Flies (Diptera) nre captured much 
oftenerthaii other insects. 'I'he largest kind which I have 
seen eatK'iif was a sianll butterfly {Csenomjmpha pimiphlm} -, 
Iput tlip 'kiw H- M- WilkiiiHon informs mo tlnit he found a 
lariro liviiif; drugHn-fly wiHi its Ixxly tirmly hold hy 
Iciivos. A» this pliiiit is <^xtrenioly cumtiion in Komo ilisliicta^ 
the DTimhor fff insects thus anmndly Kliiuglitered must ho 
2)rodi^otis+ ctiusc the dctith of iusectSt for 

instnncc the Htk'ky Imds of the Inn-sc-chestmit (^vcidm 
ItfppofUHfamm), witliout thereby receiving, ns far as wo can 
])oreaive, miy ndviintoge ; hnt it M as soon evident that 
J>rt)scrri was V^xctllently adapted for the spoeial purpose of 
catching insects, m lhat the subject seemed well worthy of 
investigatiom 

The results have prnved Iiighly Toninrhaldc ; tlio niort^ 
important ones f»eiiig — firstly, the extmordinaiy sciisitivciiess 
of the ghiiifls to slight pressure mid to mitnite doecs of cm'taiu 
nitmgenuus fluids, us shovi'ii by the movements of the so- 
called hail's or tentacles ; secondly, the power possessed by 



Mr» Scfltt frlmiv-'i that gcutU irrita' 
tion of the haitfit well as 

on the diiic of the teaf, catlike 
the hails to Lend inwatJa, Mr. A. 
VV. liennett a!st> gave ancfther inter- 
esting acitotint of the movements of 
the Ltares befori’ the Britiali Aasocia- 
tiou for ill this aaint year Dr» 

Wai ELiLDg |.uibl] shod ail essay, in which 
hq dear ri bo.*; the atinetiire of the 
so-eatleil hoirn, eotitlqil, ‘'^Sur b 
D-iffci-enoe entro ifii I'riqhinnea/' kc., 
extracted from tlift procPedingB of 
tho Stic, d Hist. I'at. de Cojienhagiie* 
I i>ha1l also iiave occn.sion hereafter 
to refer tfi a popfi- Lj IJrs. Treat, of 
New Jersey, <m Aniericfin Sf^ecies 
of Dip5<-fa. |)r„ Biirdpii J^antictscn!! 



Jeltvqrqil a lecture an Diomea, before 
the Rovfl] Iibatitiition (published in 
‘Kature,' June 14 , 1S74J, in which » 
short account of my oliaervattoti-':! on 
the power of true di^e$ticitl jwfiBeaserl 
by Drusera and Diouffia fir*t npj,ieared. 
Prof Asa G ray has done good service 
by ealtlng attention to Droaera, and 
to other plan la having aimiljir habits, 
in *The Natiou' (1874, pp. *2ill and 
-32), and in other publicatiODfl!. Hr. 
Hooker also, In his important address 
on Carnivoi'otia Planti^ (Brit. Assoc., 
Belfast,^ 1874), has given a history of 
the subject. (A pajier on the com- 
parative anafomv of the Hroserac^ffi 
w;w publiahEid rrt'j^SZy by W, Oets As^ 
a Hisscitatiftu at Breslau.] 
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STIUJCTUKE OF THE IDEATES?. 
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tlie leaves of rendeilng koIuLIo or digesting nitrogenous 
substances, aTid of afterwards absorbing them ; tliirclly, the 
changes which take place within the cells of the tentacles, 
>vheii the glands are excited in various w'ays. 

It is iieccBsaij, in the tinst place, to describe briefly the 




(Orffisera 

viewed frem above j enlarged four times. 

plant. It bears from two or three to five or six leaves, 
geneinlly extended more or less horizontally, but Bometimes 
standing vevticrtlly upwards. The shape and general ap- 
pearance of a leaf is shown, as seen from above, in fig, 1, and 
aB seen laterally, in fig. 2 . The leaves are commonly a little 



Fic. 1.* 



• The drnwings of Drosera and 
DicmDea, given in thtfi work, w’ei’e 
nude for me by my son, George Oar- 
win j those of Aldrovanda, a ad of the 



severat species of Utriciilaria, by my 
son Francis. Tliey have lieeu ei;- 
cellently reproduced on wood by ilr. 
Cooper, l8d Strand. 

n 2 



DKOSEHA EOTI SI'IFOLIA. 



[•-IIAI'. t. 



T3,-on.ler tliau l.mp;, l.ut this ivaa not the c.iso in tlm ono here 
figured. The Avholo upper suihiee in covei-^l Mith glaud- 
■beiiruig filaments, or tentueles, bu! I shall ciill tliein,fioin t.lieii- 
muuucT ..f iictiiiK. The glands ivcie oonnte.l on tliirty-oue 
leavoa, tat inanv of tlieso were of nuiismally largo bikc, niid 




Fig. 2. 

Otil ItArvEewcJ Ijilemlly; diluted atwar five IIqicb. 



The ten tides on the central jiart of tJie or disc are short an J 
stand iijiriglit, and their i>OfUceis are f^reca. Tou-ank the margin thev 
becoiue longer and longer and more incihied oiitiBiards, with tlicii 
]iedicels of a purple colour. Those on tise extreme margin jiR>ject in 
the ramo plane with tlic leaf, or more commonly (sea fig. ' 2 ) are 
considerably rellexed. few* tentacles spring from the Ijasc of the 
footRtalk or ^>1^11010, and these are the longest of all, being scmetiTllieiit 
nearly i of an inch in Jengtlt. On a leaf bearing altogether 252 
tentacles, the short ones on the disc, having green pedicelsj w'ere in 
number to the longer stibmarglnal and marginal teiitadoa. having 
purple pedicekj as nine to sixteen. 

A tentacle coneists et a tliin, sttaglit, liair-like redieel, carrvias a 
gland on tlie euminit, Tlic }»diccl is aomewhat fiattened, and is 
Icmu-d of several rows of elongated cells, filled with ptirple fluid or 
granular matter. J here is, liowcvcr, a narrow acne elere Lcncath tlie 



* According to Xititcbkc liot. 
7vei!ang/ 1801, p. 224) the purj lc 
rtuid results h'om the meEAiriorphnsia 
of chlorofihylL Mr. Surby ftiamiinjd 
tbft colourinjr mutter with the spec- 
troscojie, and informs me that it 
consists ttf the Gomtnonefit species of 
frythrophylh "which U often met 



with in leares with low Titnlity, sind 
in parts, like the petioles, whieli 
enrry on leaf-functions in a very 
imperfect tnatitier. All that can be 
said, therefore, is that the hairs (or 
tentades) arc coloured like parts of a 
leaf which do not fultii their proper 
otKcc/^ ^ ^ 
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of tlie longer tentacles, anti a broader zone near their liases^ of ii 
green tint. Spiral veasela, accorajuanicil by simple vascular tissue 
branch off from the vascular bimdles in the blade of the leaf* and ruu 
up all the tentacles into the glands. 

Several eminent physiologists have discus&ed the homological nature 
of these appendages or tentacles, that is, whether they ought to lie 
considered as hairs (trichomes) or prolongations of the leaf* Nitsiichke 
has shown that they include all the elements proper to the blade of a 
leaf; and the fact of their including vascular tissue was formerly 
tliouglit to prove that they were prolongations of the leaf, but it is 
now known that vessels sometimes enter true hairs** The power of 
movement which they [xiasesfl is a strong argument against their being 
viewed as hairs* The conclusion which seetm to mo the most 
probable will be given in Chap. XY., namely that they existed! pri- 
monliatly as glandular hairs, or mere epidermic formations, and that 
their upper part should still be so considered ; but that their lower 
part^ which alone is capable of movement., consists bf a proloTigation of 
tVie leaf; the spiral ve.^isels being extcndetl from this to the ui?t>ermost 
jiart. Wo shall hereafter see that the terminal tentacles of tho 
divided leaves of Koridula are still in an intermciliiatc condition. 

The glands, with the exception of those borne by the extreme 
marginal tentacles, are oval, and of nearly uni form size, vie. about of 
an inch in length* Their structure is remarkable, and tbeir functions 
complex, for they secrete, absorb, and are acteii on by various stimulants* 
They consist of an outer layer of small polygonal cells, t containing 
purple granular matter or fluid, and with tlie walla thicker than those 
of the iieiUcels* Within this layer of cells there is an inner one of 
differently shaped ones, likewise filled with purple fluid, but of a 
slighilv different tint, and differently affected by chloride of gold* 
The sc two layers are sometimes well seen when a gland has been 
cruslied or boiled in caustic potash* According to Dr* ’Warming, there 
is still another layer of much more elongated cells, as shown in the 
accomiwuiying section (flg. 3) copied from Ida work ; but these celts 
were not seen by Nitschke, nor by me* In the centre there is a group 
of elongated, cylindrical cells of unequal lengths, bluntly pointed at 
their upiier ends, truncated or rounded at their lower ends, closely 
preasL\l togetlier, and remarkable from being surrounded by a spiral 
line, whicli can be separated as a distinct fibre. 

These latter cell.-i are tilled \rith limpid fluid,, which after long 



* Dr. Xitschke hag dLsettssad this 
Hubject lEi Z^itung,’ letjl, p* 

2-tI, &c. Sefl »lso Dr. Wni’ming 
(*tiur la leg Tri- 

chnines,^ &C-, 1873), who gives refer- 
ences to various publicAtioiis. See 
also Grcrnlaud nnd Trilcwl, ^Anual. 
(leg Sc. nat. bot*^ (4th g«ries), tetu. 



iii. 1855, pp. and 303* 
t [Gftrvlmer(* Proc* Koval Soc.,^Ko* 
240, 1886) has pointed out that in 
Ih'osera diohot^tna “the glaml-ceib 
of the head are provided with delicate 
unctiticulariaed cell-walls, which ai‘c 
remarkably pitteil on their upper er 
free aurfaeeg*"^^ — F. D*] 
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initnersion in alcohol deposita muich hJ owJi matjer. 1 prc-sume that 
“ctually c«nn«tS with the epival vessels which rtm ,.p the 
enfJh- for o« scveml oecsioDS the Utter were seen to divu e into 
!wo or three excessively thin brandiefl, which couM be ttacwl dose up 
inhesdriferous cells. -Jheir development hnsbotm described by Dr. 
Wamiiiv. Cells of tbe ssino hind have been observed m other plants, 
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l^^itudin«l «ecliua of a gland ; greilijr moEnieca. 



I’rcm I>r. Wurmljiig. 



as I hear from Dr. Ilooher, and were seen by me in the margins of the 
leaves of Pingmcula. Whatever their function umy be, they are not 
ni^^ry for the secretion of the digestive fluid, or far ahsomtion, or 
fvl ®?"'tnumcati0D of a motor impulse to other parts of the leaf, as 

rheK““ ' 




CllAl\ I.] 



STilUCTUllK OF THE LEAVES. 



i 



The cxtrCEue iiiar^jina] tentacles differ slightly from the others 
Their bitses are broEwlerj atid, beside b their owq vessels, they receive a 
fine branch from tliose which enter tlic tentados on esich side. Their 
glands arc much elongated, and lie embedded on the npi>cr surface of 
the t>^dicel, instead of standing at the apex. In other respeeta they do 
not differ essentially from the oval ones, and in one specimen I found 
every yjossihie transition between the two state?. In another specimen 
there were no long-hcatled glands* lltese marginal tentacle.^ hm their 
irritability earlier than the others, and, when a stimulus is applied to 
the centre of the leaf, they are excited into action after the otlter-s* 
When cut-off leaves are immersed in water, they alOEio often become 
iiHieete^l r 

The purple fluid, or granular matter which fillfi the cells of the 
glands, differ.^ to a certain extent from that within the cells of the 
peilieela* For, when a leaf is placed in hot water or in certain acids, 
the glands become quite white and opaline, whereas the cells of the 
I>edicel? are rendered of a bright red, with the exception of those close 
beneath the glands* These latter cells loactlicir jjalo ml tint; and the 
green matter which they, as well as the basal ceiU, contain, becomes of 
a brighter green. The pietioles bear many multicellular hairs, «ome of 
\vhich near the blade are Burmouiited, acculTling to 2^it.schke, by a few 
rounded cells, which appiear to be rudimentary glands. Both surface? 
of the haf, the iiedicels of the tentacles, especially the lower sides of 
the outer ones, and the pctiolcB, arc studded with minute papilLc (hair.? 
or trichoines), having a conical basis, and bearing on thtir aumniits 
tw'o, ami occjtsionally three, or even four, rounded cells, containing 
much protoplasm. These ]tapillaj arc generally culourlcs.i, but some- 
tiiUHS include a little pur[>le fluid* They vary in development, arid 
grasluate, as Nitschke* atatea, and as I repeatedly observed, into the 
long tn Lilt ice] lular hairs. The latter, as well as the papillaj, arc 
probably rmiiments of formerly existing tentacles. 

1 may here add, m order not to recur to the papilhc, that they ib> 
not secrete, but are easily permeated by various ilinds: thus, when 
living or dead leaves arc immersed in a ivflution of one part of chloride 
of gold, or of in irate of silver, to 4d7 of water, they are quickly 
blackened, and the discoloration soon sjueads to the surrounding tissue* 
The long multicelluUr hairs are not so quickly affcctCLh After a leaf 
bail been left in a weak infusion of raw meat for 10 hours, the cells ol 
the papilhe had evidently abaorbt'd animal iiiatter, for instead of litnpid 
fluid I hey now contained small aggregated masses of protopJasm,t 
which slowly and incesBfintly changed their forma* A similar result 
Ibllowed from an immersion of only 15 minutes in a solution of one 
liart of CJ\rl)ouate of ammonia to 218 of water, and the Evdjoiniug cells 



* Xit^qhke has elaboratGly (ie- 
seribeil and flgurod these papilhi'', 
* But. Zeituii^/ imi, pp. 2;!4, 25B, 
tiSJ. [Bee also A. W. Beimett, * Trans. 



R, Sberuscop. Sac.' Jsin. l87tj*“E D.] 
t [With regard to the as^^wgated 
tnasscas fo*3tnate* — 1'. B.] 
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of the tentnclM, on which the wem "7 7 

contained a?<^cgatcd raasoea of protoplasm. ^e nay tl crcfore 
conclude tha^wheu a leaf has closely clasped a n the 

luanuer immediately to be doscribeit, the papiUnJ, wh 7 
the upper surHice of the leaf and of the tentacles, proljably ^sori, somo 
of the animal matter dissolved in the accretion; this cauiioi 

be the case with the isiliiUiB on the backs of the leaves or on the 
iH^tloles. 

Prelmiftmy SJeetch of the Arlioti of the Several Part», and of the 
Manner in lehich irmete are Captured 

If a smiill oipmic or iiiorgduic objoefc be placed on the 
irlftiula ill the centre of a leaf, tlie^c transmit a tmjtur impulse 
to the marginal toiitacleSv TIio ucan^r ones are first affeck'd 
and slowly bend toA^ards the csentre, and then thn»f3 farther 
ofh until at last all beeonic ckisely inflected over the object. 
This takoH place in fTOm one liciir to four or li ve or more hours* 
The diffeixincc in the time required tle|)cndiS on many ci reuni- 
fy taiicea ; namely, on the BV/.G of the object and on its nature, 
that isj whether it con tains soluble niatter of the proper 
kindi on the vigour and ago of the leaf; whether it has 
lately been in action; aiuh according to Nitschkot* on the 
temperature of the day* as likewisti seemed to mo to lie the 
wise* A living insect is u more efficient object than a dead 
one, m in struggling it presses against the glands of many 
tentacles. An insech such as n fly, with tldu integuments, 
tliroiigh which animal matter in solution can readily paS 4 
into the surrounding dense secretion, is more cfficie^iit in 
causing prolonged inflection tlnm an insect with a thick coat, 
^ beetle* The inflection of the tentacles takes rdaco 
indifterently in the light and darkness ; and the plant is not 
subject to any nocturnal movement of socnlled sleep* 

If tbo glands on the disc are repeatedly touched or bmslied, 
ulthough no object is left on tlioni, tlie mnrgiual tentacles 
^rve mwaiJe. So agam, if drops of various fluids, for 

Lnietln , b? ***“ quickly folloivs, 

soinetiines in under ball an hour* ^ *' 

The tentacles in the act of inflection sweep throue^h a vv ide 

in he same p a o 

w.th the blade, moves through an angle of 180’; an^I have 



* ‘ Bet, Zeitung*’ 18+Jo, p* 24G 
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seen the mncli reflected t<?ntacles of a leaf which stool 
upright move through an angle of not less than 270°, The 
heiiding part is almost confined to a short apaoo near the 
Ijase ; l>nt a rather larger portion of the elongated exterior 
tentacles hecomes slightly inenrA'Cd, the tlistal lialf in all 
cases remaining straight. The short tentacles in the centn> 
of tlic disCt ivhcri directly excited, do not become inflected ; 
hilt they are ca]>alde of inflection if excited by a motor 
impulse" I’eceived from other glands at a distance. Thus, if a 




Tig. 4. 

Ijeaf (enlpirRcd} w!tli oU the tentficles 
cltflclj' inflected, fnim Immersioii in li 
8 «:iliitiun of of nuiiuunlLi {one 

part lij ill j&Jo of water). 



Fio, 

(Owssra 

Leaf (eaUarjpMl) witli the tcnlaelca on one- 
elite iuflecied over a bit of rewiat pUcHfil 
on the JlsirC. 



leaf is immeraed in an infusion of i*aw meat* or in a weak 
solution of ammonia (if the solution is at all strongs the leaf 
is paralysed), all the cxtoiior tentiidcs Ix^nd inwards (sco 
tig. 4), excepting those near tho centre, which remain 
upright; hut these lx>nd towards any exciting object placed 
on one side of tho disc, as sliowii in tig. 5, The glands in 
fig. 4 may he seen to form a dark ling round the oentre ; and 
this follows from tlie exteiior tentacles iucrciisiog in length 
in due proportion, us they staud nearer to the circuinferencc. 
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Tlii^ Itind of iuficctiou winch the tentiicleft muleri^a i« hmt 
Kliowii when the sluml of one of tlie loDg estorior 
itj ill iiiiy HEiy excited j for the Hurroimaiiii; onca remain 
unaffected- In the accompanying outline (hg. 6) wo ►ce one 
tentacle, on which a particle of meat had hcen placed, tlma 
bent towards the centre of the leaf, with two others retaining 
their original poBhiou, A gland may ho excited by being 
siinplv touched three or four times, or bj- pimbnigcjil contact 
with orgauie or inorganic objects, and various diiida. T have 
difttinctiy eocn, tlinnigh a lens, a tontaclo hcgimiin^^ to bend 
in ten seconds^ after an object had been jdaced on its gland ; 
and I have often i-cen strongly pronounced in I lection in nmlcr 
onq mimitc. It is snTi>iising bow minute a particle of any 



Olupmui Sb .^wi^lg oftlm n^t«rlort(tiUel(-H closely fnflmEidl: tbc Uvo anijulnliig 



snlisbince, snch aa a bit of thread or hair or splinter of glass, 
if placed in actual eculact wdth tiie Snrf;IO^> 4\ii^ n. (i-liTid 




Fig. 6. 
(iJrotcm 
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varies gnaitly. Sometiiiiea the apex alout% sometimes one 
side, and aoinctimcfe both sides, btjcomc incurved. For instance, 

I placed hitti of html-boilcd on tinee leaves; one had the 
apex bent towards the base ; the secoinl had both distal 
margins much incurved, so that it became almost triangular 
in outline, aud this perhaps is the comiuonest case ; ’whilst 
the ihird blade was not at all affected, though the tentacles 
wert^ as closely injected as iu the two ]H‘c\'iotis cascK. The 
whole blade also geiiei’ally idscs or bcuds upwards, and thus 
forms a smaller angle with the footstalk than it did before , 
This appeai-s at first sight a distinct kind of movement, but 
it results from the iucnirvation of that part of the margiii 
which is attached to the footstalk, causing the blade, as a 
whole, to cvirv^e or more upwards. 

The length of time during which 1hc tentacles as well as 
the blade remain in fleeted over au object i>laccd on the disc, 
ilepciids on various circumstances ; naincly on tlie vigour 
and age of the leu.f, and, aecording to Dr. Xitschke, on the 
temperature, for during cold ’weather, when the leaves ai^ 
inactive, they rc-expand at au earlier period than when the 
w^cathcr is wamu But the nature of the object is by far the 
most important circumstiince ; I have re])eatcJIy found that 
the tentacles remain clasped for a much lougei' average time 
over objects which yield soluble uiirogcuoiis matter than 
OAmr those, ’wdiether oriraiiic or itiorganic, which ’vield uo 
such matter. After a pcriotl varying from one to seven days, 
the tentaclca and blade re-expand, and are then ready to act 
again* I have seen the same leaf iiiftccted three Eueccssivo 
timcM over insects placed on the disc ; and it would prol.3abl3" 
have acted a greater iiunibcr of times. 

The scci'ction from the glands, is extremely viscid, so that 
it can be drawn out into long threads. It appears colourless, 
but stains little balls of | 3 aper pub' pink. An object ot anj' 
kind placed on a gland ahvays causes It, as I iKilievc, to 
secrete more freely ; l>ut the mere puoscuce of the object 
renders this diflicult to ascertain. In some cases, however, 
the effect ’ivas strongly marked, a-s when particles of sugar 
were added; but the result in this case is probably due 
' merely to exosmoso. Particles of carbouato and ]>hf>sphato 
I of ammonia and of some other siilts, for instance sulphat(> of 
' ^linc, likewise increase the secretion. Immersion in a solution 
I of one paid of ohloride of gold, or of some other salts, to 437 
I of water, excites the glands to largely increased secretion ; on 
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tho other hand, tartrate of antimony piiodncea no such e fleet, 
Imraereioii in many acids (of the st^ngth of one part to 437 
of Avater) likewise caiiHCS a womlerliil ritnouiit oi secictiou, bo 
that, wlwn the leaves aro lifted emt, long ropcB ot LTcti-emely 
viscid fiiiid haug frum tliciii. Some acids, on the other hand, 
do not act in thia maiuior. liioi-easeil secretion is not 
necessarily clepemlent on the iiiileetion of the tentacle, for 
particles of sugar and ol snlphsite of kiuc canso Jio iii(j\oiiieiit. 
It is a much more rcmarbiblo fact, that when au object, 
iiiiich as a hit of meat or an insects, iS' placet! on the cIjsg of a 
leaf, as soon ns the KiirroniuliugtentaclcB lKjcomeconsidciuhly 
inflected, their glands pour Ibrth an increased a, mount of 
secretion, I ascertained tliis by selecting leavea with equal- 
sized drops on the two siilcs, and by placing bits of meat on 
ono side of the disc ; and as soon as the tentacles on this side 
became much inflected* but kiforc the glamb touched the 
meat, the di-oi)s of secretion became larger. This was 
repeatedly observed, but a record ^vn3 kept of only thirteen 
cuses, in nine of which increased socrction ivas plainly 
observed; the four failures being due either to the leaves 
being rather torpid, or to the bits of meat being too small to 
cause much inflection, \\'e must therefore conclude that the 
central glands, when strongl}^ excited, transmit some in- 
fluence to the glands of the cireunaftTential tentacles, causing 
them to eecreto more copiously. 

It is a still moie imjMU'tant fact (as we shall see more fully 
\^’hen we ti\}at of the digestive power of the secredion), that 
wlion the tentacles become inflected, owing to tlie central 
glands having been stimulated mechanically, or by contact 
with animal matter, the secretion not only increases in 
quantity* but changes its nature and becomes acid ; and this 
occurs l^fore the glands have toudied the obiect on the 

This acid is of a different nature from 
that contained in the tissue of the leaves. As long as the 

kpptT closely inflected, the glands continue to 

’ “0 if noutralisud by 
nV of soda It again Iweomes acid after a few hours. I 

cX indigestible siibstaiiccs. such as cliomi- 

P ^ pouring iortli acid secrotioii for eight 



af the coiein. 'sea owing to the iimJc of pra]i»n 



iiinitifiD 
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successive daje. and over bits of bone for fen encccsHivc 
days, 

TLo secretion seems to possess, like the ^^astric juice of 
the higher animals, some antiseptic jtower* During very warm 
weatlier 1 ]>laced closo togtjiher two equal -si s:ed hits of raw 
meat, one on a leaf oi the Droscra, imd the other si.irronnded 
by wet moss. They were thus left for 48 hrs*, and then 
examined* The bit on tlie moss sivarmed with infiis^>ria, 
and was so much decayed that the transverse strife on the 
muscular fihres could no longer ho clearly distinguished ; 
whilst the hit ou the leaf, wdiich ■\vas bathed by the secro- 
tiori, was free from infusoria, and its striae were perfectly 
distinct in the central and undissolvcil portion. In like 
manner small cnl>os of alhumen ami cheese placed on wet 
moss became threaded ■with filaments of monld, and liad 
their Eurfaces slightly discoloured and disintegrated ; ivliilst 
those on tlio leaves of Droaera remained clean, tho albumen 
being changed into transparent fluid* 

As soon as ten bid OS, whicli have remained closely inflected 
during st^voral days over an object, begin to m-expand, their 
glands secrete less freely, or cease to seci'ete, and are left 
ilry* In this state they arc covered with a tilm of whitish, 
fienii-fibrous matter, which was held in solution by the 
secretion* I'he drjdng of the glands during tlie act of 
re-expausion ia of sumo little service to the plant ; for I Lave 
often observed that objects ailheiing to the leaves could then 
be blown away by a breath of air ; the leaves being thus 
loft viiien cumbered and free for future action. Nevertheless, 
it often happens that all the glands do not become completely 
elry ; and in thift case dedicate objects, such iia fragile insects, 
are sometimes torn by the re-expansion of the tentacles into 
fragments, which remain scattered all over tho leaf* After 
the re-expansion is complete, the glands quickly begin to 
re-sec 1 etc, and, as soon as fulbsi^:cd drops ai-o formed, the 
tentacles are ready to edasp a new object. 

\V hen an insect alights on the central disc, it is instantly 
entangled by the viscid secretion, and the surruunding 
tentacles after a time ]>egin bend* and ultimately clasp it 
on all sides. Insects arc generally killed, according to 
Dr* Xitschke, in about a quarter of an hour, owing to their 
trachcEU bedng closed l>y the secretiou. If an insect adheres 
to only a few of the glands of the exterior tentades, these 
soon become inflected and carrj^ their prey to the tentacles 
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next succeeding t)>cm inwards; thesn then I«nd inwanls, 
and so onwards, until tho insect is nlt.nmte^ earned by a 
curious sort of rolUiig mo%-omcnt to tho contra of llio loaf. 
Then, after an interval, tho toiitneles on all snlos boeome 
inflected and bathe their prey with their secretion, in tho 
same inamier as if the insect had first alighted on tho ccntr.il 
iliac It is emiirisin#? how minute an insect suftices to cauBij 
thjH action ■ fyr iuatuiice> I have Keen oiio of tlio sraalle.Ht 
Rpeeies of (Culcx), which had just settled with 

excessively delicate feot on the glamh of tlio ontermofit 
tentacles/ and these were already beginning to oui-ve 
inwards, though not a single gland had as yet touched thn 
body of tho insect. Had I not interfered, this znimito gnat 
woiild assuredly have been carried to the centre of the leaf 
and been securely cUsped on all sides* We sball hereafter 
see what excessively small doses of certain organic fluids 
and srtline solutions cause stivuigly marked inflection. 

Wlicther insects uHglit on the leaves by mere chance, as a 
resting-place, or arc attracted by the odour of the secretion, 
I know not, 1 suspect, fnim the number of insects cauglit 
by tho English species of Drosera, and frona what I have 
observed with some exotic species kept in my greenhouse, 
that tho odour is attmeti^ o. In this latter r^se tho leaves 
may bo cmnpur(;d ivith a baited trap ; in the former ease 
nitli a tr[jp laid in a run frequented by game, but without 
any bait. 

That the glands possess the power of al>sorption, h sliown 
l»y their almost instantaneously becoming dark-coloured when 
given a minute quantity of carbonate of ammonia; the 
change of colour Iwing chiefly or exclusively due to the 
rapid aggregation of their contents* When '^cert^Jn other 
fluids are added, they becomo pale-coloured, l^heir power of 
absorption is, liowever, best shown by the widely diflerent 
results which tollo’iv, from placing drops of various nitro-^ 
genouK and non-iiitrogenous fluids of the same densit^' on 
the glands of the disc, or on a single marginal gland ; ‘and 
likewise by tbc very JifTorent lengths of time during wliicli 
the teniacles reniain inflected over objects, whioli viebl or do 

r "tatter. This sanie'conclusioii 

inoLn.prf**' f *i“7 'hfojred from the structure and 

dpto“rg Insect 

Tho absorption of animal matter from captured insects 
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explains liow Drosera eaii flcmrisli hi cxtromely poor peaty 
soil,— ill sonio cases wliere nothing but sphaji^uin moK& 
grows, and mosses depend altogether on the atiiiospherc for 
their nonrisli merit, Althougli the loaves at a liasty glance 
do not appear green, owing to the purple colour of the 
t<!ntacles, yet the iip|)cr and lower surfaces of the blade, tlie 
pedicels of the central tentacles, and the fietioles con lain 
chlorophyll, so tliat, no doubt, the jdant obtains and assimi- 
lates carbonic acid from the air, Nevertheless, conaideTing 
the nature of the soil wdiere it growls, the supply of nitrogen 
w'ould be extremely limited, or quite deficient, imleaa the 
]>lant had the power of obtaining this important element 
from captured insects. We can thus understand bow it is 
that the roots are m poorly developed. Tlicsrj usually 
consist of only two or three slightly divided branchee, from 
lialf to one inch in lengtli, furnished with al>sorVjent hairs. 
It appears, therefore, that tho roots serve only to imbibe 
water; though, no doubt, they wonld absorb nutritious 
matter if present in the soil ; for as w'c shall heicaftcr sce,^ 
thc 3 ^ absorb a weak solution of carbonate of anmionia. A 
plant of Drosera, with the edges of its leaves curled inwards, 
so as to form a tomporaiy stomach, with the glands of the 
closely inflected tentacles pouring forth their acid secretion, 
\vhi(!li dissolves animal matter, afterwards to be ' absorbed, 
maj' be said to feed like an anlinal. But, differently" from 
an animal, it drinks hj :iieans of its roots ; and it must 
drink largely", so as to I’ctain many drops of viscid fluid 
round the glands, sometimes as many as 200, exposed during 
the whole day" to a glaring sun. 

[Since the publication of the first edition, several exjMiri- 
luents Lave been made to determine w hether iiiBcctivoreus 
plants are able to profit by' an animal diet.] 

My experiments w'ere published in ‘ Linnean Society’s 
Journal,’* and almost simultaneouly the results of Kellermaiiii 
and \on liautuer were given in the * liotanische i^oitung/f 
Lly* experiuients were begun in June 1S77, w"hen the plants 
were collected and planted in six ordinary" saup-plates- Each 
plate w'as divided by a Ioav jjartition into tw"0 sets, and the 



* VdI. ivii., Francis Darwin on the 
■ Nutrition of Jh-oiLra rQtHhdifoIia*’ 
f “ Vegetatioasversiichc 
foiiDidif^ia tnit oinl ohne Flcisch- 



flitterMUg:"" *Bot. Zeitang,' 1S7S* 
Sumo flcooimt of the results wjni 
given before the Phys.-meJ. Sou.^ 
Krlangen, Inly 1S77- 
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M flourishing half of each culture was selected to 1 m “ fed,’| 
while the rest of the plants wore destined to he s^^^d. 
The plants were previnted from catching insects for them- 
selves by means of a cowring of fine gauze, so that the only 
animal food which they obtained was snp^ied m vm- 
minntc pieces of roast meat given to the 1^ plants hut 
withheld from the “storved ones. After only 10 dajs the 
difference between the fed and starved plants was clearly 
visihlo; the fed plants were of brighter green aud the 
tentacles of n moro lively red ■ At tlie etitl of tbo 

plants wcTO eoiiiparefl T>y nuiobeTt find lueiisureinent, 

with the following striking rcsnlt&:— 

Weight (without flower-slcms) 

Xumbor of Hower-stems » , 

Weight of'at<‘ma . - . . 

Ji umber of capaules 
Total calculated weight of seed 
Total calculated iminber of seeds 

These results show" clearly enough that Insectivorous 
plants derive great advantage from atiitiial food. It is of 
interest to note that the most striking difference l>etween the 
two sets of plants is seen in what relates to reproduction — 
i.e. in the flower-stems^ the capsules, and the seeds. 

After cutting off the flower-stems, three sets of plants ivere 
allowed to rest throughout the winter, in order to test (by a 
comparison of spring-growth) the amounts of reserve material 
accumulated during the summer. Both starved and fed 
plants were kept without food until April 3rd, when it w as 
found that the average weights per plant wci’C 100 for the 
starved, for the led. This proves that the fed plants 
had laid by a far greater store of reseive material in spite of 
having produced nearly four times as much seed. 

Ill Kelleimaiin and Von Kamnefs experiments (?fw, etL) 
aphides wore used as food instead of meat- — a method which 
adds gr^tly to the value of their results. Their conclusions 
are similar to my own, and they show that not only is the 
seed production of the fed plants greater, hut they also form 
much heavier winter-hnds than the starved plants, 
j>r. M. Bmgen has more recently published an interesting 
paper* on the same subject. His experiments have the 

insectfftii^ea Tiil Dioscr^ fvitmdifolia (L.),” ^Byt. 
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advantage of having been made on young Droseras grown 
from seed. The unfed plants are thus mueh more efFeetuaUy 
starved than in exj>erlments on full-grown plants possessing 
already a store of reserve matter. It is therefore not to be 
wondered at that Biisgen^s results are more striking- than 
Kollenuann^a and Vun Raumer's or my own — thus, for 
inst'mce^ he found that the ** fed^" plants^ hm compared with 
the starved oncs^ produced more than five times as many 
capsules, while my figures are 100 : 194. Busgen gives a 
good resume of the whole subject, and sums up by saying 
that the demonstrable superiority of fed over unfed plants is 
great enough to render comprehensible the organisation of 
the jjlants wdth reference to the capture of insects, — F. 1),] 
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Eonitis. 

or Icutaclea o«nnif to th& gUads of the djM being 



DiiJercnce fa tlie nction of Dodiea yieiuing anu iiut jieming Emunm 
nitroffonous matter— loficct bn of the exterior tentacles directly <sayBed 
bv oiblecti left in contact with their g hinds— Periods of commencmg 

. r m j* « M. w# T+TBTi^d ¥V1 1 n 1 1 Ar'hj^Jl * 4i L ^ 



nitrogenous m 



inflectiou and of subsequent ro-expansiou— Eitrcme minuteness of the 
nni-ticles causing inflection— Action under water — Inflection of ths ei^ 
terior tentneies when their glands are excited by repeated touches^ 
Falling drops of water do not cause inflection. 

I WILL give in this fliicl the following chapters some of the 
many cxj>crimcnt8 mntle, wliich Iwst illustrate the nianner 
and mto of movement of the tentacles, wlien excited in 
various ways. The glands alone in all ordinary cases are 
ftuscoptihle to excitement. AVLeii excited they do not them- 
Helves move or change form, Init transmit a motor iinpiilso to 
the bonding part of their own and adjoining tentacles, and 
aro tlms carried towards the centre of the leaf* Stiietly 
speaking, the glands ought to be called irritable, as the term 
Beusitivo generally implies con scion gn ess ; but no one 
supposes that the tSensltive-]dant is conscious, and, as I have 
found the term convenient, I sliall uho it without scruple* I 
will oommenco with the moYeiiionts of the exterior tentacles, 
when indirectly excited by stimulants applied to the glands 
of tho short tentacles on the disc. Tho exterior tent-acles 
may be said in this case to be indirectly' excited, hecanse 
their own glands are not directly acted on. The stimuhis 
proceeding from the glands of tho disc acta on tb n. brf^ndimr 
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n:itt(Ml along the nerves to glands, modifying their power 
of seGretion, independently of the state of the ulood-veaselH. 



The Inflect ion of the E:cterior Tentadee from the Glands of the 

Disc hein(f excited hij Bepeated Touches^ or bfj Objects lefl in 

CiViiact with them^ 

The central glands of a leaf were irritated with a small 
stift' camel-hair brngh, and in 70 (minutes) several of the 
outer tontacles were infiectoil ; in 5 brs* (honris) all the sub- 
marginal tentacles were inflected; next morning after an 
interval of about 22 hrs. they were fully re-expaiided» In 
all the following cases the period is reckoned from the time 
of first irritation. Another leaf treated in the same manner 
had a few tentacles inflected in 20 m. ; in 4 hrs* all the sub- 
marginal and some of the e3ttiemo marginal tontaoles, as 
well as the edge of the loaf itself, wore intiected ; in 17 lirs, 
they had recovered their proper, expanded position. I then 
put a dead fly in the centre of the last-mentioned leaf, and 
next morning it was closely clasped ; five days afterwards 
the leaf ro-expauded, and the tentacles, with their glands 
surrounded by secretion, were ready to act again. 

Particles of meat, dead flies, Mts of paper, wood, dried 
nioss* sponge, cin^le^s, glass, (fee., were repeatedly placed on 
leavew, and these objects were well embraced in various 
pjeriods from 1 lir. to as long as 24 hrs., and set free again, 
^vith the leaf fully re-expanded, in from one or two, to seven 
or even ten days, according to the nature of the object. On 
a leaf which had naturally caught two flies, and therefoi ‘0 
had already closed and reopened either once, or more pro- 
bably twice, I put a fresh fly : in 7 hrs. it was moderately, 
and in 21 hrs;. thoroughly well, clasped, with the edges of 
the leaf inflected. In two days and a half the leaf had nearly 
re-expanded ; as tho exciting object vraa an insect, this 
unusually short period of inflection was, no doubt, duo to 
the leaf having recently been in action. Allowing this sanio 
leaf to rest for only a single day, I put on another fly, and 
it again closed, but now very slowly ; nevertheless, in less 
than t’wo days it sueceeded in thoroughly cla^ping the fly. 

Wlien a small object is placed on the glands of the disc, on 
one side of a leaf, as near tts possible to its circumference, the 
tentacles on this side are first aflTocted, those on the opposite 
side much later, or, as often occuiTed, not at all. This was 
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Tcpenteaiy proved 1.T trials ’with Lita of meat ; but I will hei’e 
only the caae of ft minute fly. miturally cangM, ami still 
alive, which I found adhering by its ddioate l^t to the 
danda on the eatreiuo left side of the centml disc. The 

tentacles on tbis. 

fiy ami after a time the of the leaf oti tLis bkIo aleo 

Locarno iTiflccted, anti thns remained for several da\'a, whilKt 
neither the tontacles nor tho edge on tlio opposite wido ivoto 

in the least afifected. , t - 

If ’\ oung and active loaves arc selected* iTtorganio particles 

not larger than the head of a small pin, placed on the central 
Inlands, eometiuTes can^c tho outer tentacles to bend inwards. 
But this follows much more surely and cinickly, if the ohjcct 
contains iiitrogonous inatter ’which can bo dissolved hy the 
Hocretion. On one occasion I observed the following nnnsual 
circumstance* tSnnili bits of raw moat (’\vhicb acts more 
energetically than any other siibstanee)^of liapex, dried moss, 
and of the tpill of a pen worn placed on several leaves^ and 
they w^ei’O all embraced equally" well in about 2 hrs. On 
other occasions the above-named substances, or more commonly 
paidicles of glass, coal-ciudor (taken fuam the fire), stone, 
gold-leaf, dried gms-s, corks blotting-paper, cot ton- ’wool, and 
hair rolled up into little balls* were nsed, and these sulj«tanccs, 
though they were sometimeB well embraced, often caused no 
inovenient whatever in the outer tentacles* or an esiiremelv 
slight and slow inoyement. Yet these sanio leaves were 
proved to bo in an active oondition, as they were excited to 
move by substances yielding sohible nitrugenons anatter, such 
as bits of raw or rofist meat, the yolk or w bite of Iroiled eggs„ 
fragments of insects of all ordei^s, spiders, I will give 
only two hiBtaiicca. Minute flics were placed on the discs of 
set Cl a 1 leaves, aiul on others balls of ]®por, bits of moss and 
^^^11 ^ ^ibout the same sieo as the dies, and tlio latter weix? 
well embraced in a few houra ; whereas aft(;r 25 lirs. only a 
vp- few tentacles wore inflected over the other objeks. 

10 f ’ paper, moss, and quill were then removed from 
thuse Icav^, and bits of raw meat placed on them ; and now 
all the U-nPiclea were soon energetically inflected. 

the Ties litT'b ® T* f rather more than 

^rtieL wt I >‘r8- one of the 

few tontaelVu- ®rabraoed; a second by a verv 

len tentaUes; and a tliird hy none. 1 then removed the 



21 



Cjiai>. IIJ TNFLKCTIOX IXDIRECTI.Y CAUSED. 

particles from the two latter Icifives, and put tliem on recently 
killed flies. Thesfj were fairly well embraced in 7^ hrs and 
thoroughly after 20k hre. ^ the tentacles remaining infiec tod 
for many subsequent days* On the other hand, the one leaf 
which Imd in the course of 1!) hrs* embraced the hit of cinder 
luoderately well, and to which no fly was given, after an addi- 
tional 33 hrs. (i.c. in 52 hrs* from the time when the cinder was 
put on) u-as completely re'cspandcd and ready to act again* 
From thefie ami numerous other experiments not worth 
certain that inorganic suhstances, or such organic 
suhstanecs aw are not attacked by the secietion, act much lees 
quickly and efficiently tliaii organic substances yielding 
j5oluble matter which is absorbed. ^Moreover, I have met 
witli very few exceptions to tho rule, and these exceptions 
apparently depended on the leaf having been too recently in 
action, that tho tentacles remain clasped for a much longer 
time over organic l>odics of the nature just specified than 
over those which are not acted on by the secretion, or 
over inorgatuG objects.* 



* Owing to the extraonlinary be- 
lief heM by M. Ziegler (^Oomptea 
187l>, p* 1^2), that 
album] nous aubstancea, if held for a 
mftment between the finger^j, acquii'c 
the of makitig the tentacles 

of Drosera cnntiaet, wherea?^ if not 
thus held, tliey ha¥c no i^uoh power, 

I tried experiments with great 

caie, but the lesults did rot confEm 
thia belief* Red-hot cinders w'ere 
tnken out of the fire, and bita of 
glass, cotton-thread, blotting paper 
;md thin slices of cork were immersed 
in boiling wmter; and particles were 
then jdaced (erery Instrunvont with 
which they w ere touched having been 
previoualy immersed in boiling water) 
on the glanda of several leaves, anil 
they acted in exactly the same 
manner as other particles, wlijch had 
been purposely handled for some 
time. Bits of a boiled egg, ciut with 

II knife which had iMden washed in 
boiling water, also acted like acy 
other animal etibstaiioe. I breathed 
<iti some leaves for above a minute, 



and re]M?ated the act two or three 
times, with oiy mouth dose to them, 
but this produced no e fleet. 1 may 
here add, as ahowdng that the leaves 
are not actfril on by the odour of 
nltrugenous Buhstaaecs, that plet^s of 
raw meat stuck on needles were filed 
as close as pcis&Ible, without actual 
contact, to several leaves, but pro- 
duced no effect whatever. On tho 
other hand, as wc shall hereafter fiee, 
the vafKUii'S of certain volatile sub- 
stances aud dnids, such as of carbonate 
of ammonia, chloi'oform, certflin es- 
sential dk, &c., cau^e inflection. M* 
Ziegler Irnikes still imire extra-- 
ordinary statements with respect to 
the power of animal substances, 
which have heeii left close to, but 
not in contact iiith, sulphate of 
quinine. The action of salts of 
quinine will be described in a future 
chapter* f:5ince the appearance of 
tiie paj>er above referred to, JI, 
Ziegler has published a book on the 
same subject, entitled, +Atonicitd et 
Zoicltd,* 1874. 
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Themeclioyt of the merior Tenladeji Mjirefj tav^ed % 
Objeclt left in Contact mitU Utew Glands* 

I niaao a vast nmaix.r of trials l>y placing, by nicans of a 
jino ueefllo moistened with distilled water, and wnth the aid 
of a particleii of various substances on the viscid Hecrctiou 
auiroimding the glands of the oiiter tentacles. 1 
iiiented on lioth the oval and Joug-iieaded glaiwls. Ijcji a 
particlo is tiins placed on a fcinglo gland, the movemont of 
the tentacle h paiticularly well seen in contrast with the 
Btationary condition of the eurroimdiug tentacles. (Swi pre- 
vious fig." 6,) ] u four casus gmall particles of raw meat catieed 
the tentacles tn he greatly ijiflccted in between 6 and G tin 
Another tentacle similarly "treated, and obseiwed wi tli special 
care, distinctly, though slightly, changed its position in 10 s. 
(seconds) j and this la the ^^luckest movement seen by me. 
Ill 2 in. GO s. it had moved through an angle of alxjot 45^^. 



* [Tfi<s researches of Ffcffer by rubbing the glmnls wit li a Biirface 

Unters. aus d. hot, luirtitui m of merciiiy, whereas fay i-ubljing oir 

TiibLngeD/ vol. i., 1885, p. an repeated touebea with soUd buJicB 

the sensitiveness of various organs to tiiOvenietit 1 b called forth. Other 

contact timt the ccnduBious as experiments of PfetTer^B show eon- 
to thie se)ns3tivenes$ of Drusera cannot dusively that continuous uniforin 
he maintained in their present form jiressuro hns no still mint ing eflect» 
(see p, 24), He placed small globules of gbisa nrn 

PfefTer shows, both in the case of the glauJs, and convinced himself 

the tendrils of climbing plants, and that, by examiuatlnn with a lens, 

also in that of the tentacles of that contact was affected. Some of 

llrosera, that uniform pi’esani'# bos the tentacles moved, but the majority 

no atimulrtting action: the effect showed no movement, jrs as the 

which id aecribed simply to contact pifitits vere m thfit ttfj> 

IS in reality due to unequal com|a‘fcf. frotn the fiiWe or 
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The movement aa seen throngli a lens reeemblud thEit of the 
liaml of a largo elock. In 5 m, it had moved through flO^, 
and when I looked again after 10 m.^ the particle Iiad I'cachctf 
the Centro of the leaf ; so that the whole movement was 
completed in less than 17 m. 30 s. In the eonrH© of some 
horn’s this miunte bit of meat, from having been brought into 
contact with some of the glands of tho central disc^ acted 
ccntrifiigally on the outer tentaolcs, which all bccatne closely 
inflected. Fragments of flies were placed on the glands of 
four of the outer tentacles* extended in the same plane with 
that of the blade, am! three of these ftYiginents were carried 
ill 35 m, through an angle of 180^ to the centre^ Tho 
fragment on tho fourth tentacle was very minute* and it 
was not carried to the centre nntil 3 hrs, had elapsed. In 
three other cases minute Hies or portions of larger ones 
were cairied to the ceiitro in 1 hr, 30 s. In these seven 
cases, tho fragments or small flies, which had been carried 
by a single tentacle to tbe central glands, were well em- 
braced by tho other tentacles after an interval of from 4 to 
10 hrs* 

I also placed in the manner j ns t doscribc<l six small balls 
of ’^vriti ng paper (rolled up by the aid of pincers, so that 
they were not touch cd by my flngerH) on tbo glands of six 
exterior toiit^icles on distinct leaves ; three of these were 
carried to the coiitre in about 1 hr., and tho other throe in 
rather more than 4 hrs , ; but after 24 brs, only two of tho 
six balls wero well embraced by tho other tentacles. It is 
possible that the seerotion may have dissolved a trace of 
glue or animalised matter from tho bulla of paper. Four 
jiar tides of coabcimlcr wero thou placed on the glands of 
ionr exterior tentacles ; one of these reached tho eentro in 
3 hrs. 40 m. ; tho second in 0 hr«, ; tho third within 24 hrs., 
but had moved only part of tho way in 0 brs, ; whilst tho 
fourth moved only a very short distance in 24 lirs,* and 
never moved any farther. Of the above three bite of cinder 
which wore nltimatciy carried to tbe centre, one alono wahi 
’well embraced by many of tho other tentacles. We hero seo 
clearly that such bodies as particles of cinder or little balls 
of paper, after being carried by tho tentacles to the central 
glands* act very differently from fragments of flies, in 
causing the movement of the suiToiindiiig tentacles. 

1 made, without carefully recording tho times of move- 
ment, many sirniltir trials with other substances* such as 
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splinters of wl.ito ami blue glass, particles of cork, mirmto 
bits of gold-leaf, * 0 . ; ami the proportional mituber of cases 
varied n'mcli in which the tentacles reached tho centre, or 
moved uiilv slightly, or not at all. One eveiiing, partielcs of 
ghwB and cork, rather larger than those nsnally employed, 
were placed on about a dozen glanda, and next niomiiig, 
after 13 hrs*, every sni^l© teutacle liail caiTieil its little load 
to the centre; but the tuirifliially largo size of tho particles 
will account for this roeult. In aiiother case J of the 
Itarticles of cinder, glaws, and thread, jdaced on separate 
gltmds, were carried tow'arils, or actually to, the centre ; in 
another case in another and in tJio last case only 
were thns cai^ied inw,'irds, the sniall proportion Iming here 
duo, at least in iiart, to tho leaves being rather old and 
iuactivo* Occasionally a gland, with its light load, could lie 
seen through a strong lens, to move an extremely eliort 
distance and then stop ; this was especially apt to occur 
when excessively minute particles, niuoli loss tbati thc>se of 
which the moasurements will be immediately given, were 
placed oil glands ; so that we hero liave nearly the limit of 
any ivction* 

1 was so much surprised at the smallnoas of the particles 
which caused tlie tentacles to become greatly inflected that 
it seemed worth while care fid ly to ascertain how' mimito a 
])artielG would plainly act* Accordingly, metisurud lengths 
of a minow strip of blotting-paper, of fine cotton -thread, and 
of a woraan*B hair, were carefully weighed for me hy 
Mr* 1 renham Iteeks, in an excellent balance, in the laboratory’ 
m Jermyn Street. Short bits ol' the paper, thread, ami liair 
were then cut off and measured bv a inicronieter, so that 
then- weights piild be easily calculated. The bits were 
placed on the viscid secretion surrounding the glands of tho 
exte-nor tentacles, with tlie precautions already stated, and I 
am certain that the gland itself was never touched ; nor 
indeed woTild a single touch have prodneed any effect. A 
of the blotting-paper, weighing 



on 



. ^ ^ of a grain, was 

three glandts together, and all three 



cea so as to rest 

f each 

equally, could have 

■wJ all Of «™tto>'-ttiread were tried, 

gtb, aud weigliod of a grain. The tentacle in tlu-s 
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case was confiideTiiLly iii fleeted in 1 hr. 30 and the lut of 
thread was carried to tlie centre of the leaf in 1 hr. 40 in. 
Agaiiij two particles of the th inner end of a woman’s Imlr, 
one of these being ’j of an inch in length, and weighing 
of a grain, the other of an inch in length, and 

w'eighing of conrso a little more, were placed on two glands 
on opposite sides of the same leaf» iind these tAvn tentacles 
Avere inflected lialfway toivards tlio centre in 1 hr. 10 m. ; 
all the many other tentacles round the same leaf rcinaining 
motionless. The apptarunco of this one leaf showed in an 
nnequivocal manner that these mimite particles sufilecd to 
cause tho tentacles to bond. Altogether, ten such particles 
of hair were placed on ten glainlfi on several leaves, and 
seven of them caused the tentacles to move in a conspicuous 
manner. The smallost particle which Avas triinl, and which 
acted plainly, only of an inch ("203 millimeter) in 
length, and Aveighed the ^ grain, or *000822 

miliiirram. In tlicse sev’cral eases, not onlA?' was tho 
inflection of the tentacles conspicuous, but the purple fluid 
AAntliiii their cells became aggregated into little masses of 
protoplasm, in tho manner to be described in the next 
cha[)ttvr ; and the aggregation Avas so plain that 1 could, by 
this clue alone, liaA^e readily picked out under the microscope 
all the tentacles Avhich had carried their light loads towards 
the centre, from the hundreds of other tentacles on the same 
ieaA-'es Avhich had not thus acted. 

My SAir prise was greatly excited, not only by the minute- 
ness of the particles vAdiieh caused movement, but how they 
could ix)ssibly act on the glands j for it must be remembered 
that tlioy Avere laid Avith the greatest care on the conv^cx 
surface of the secretion. At til’s t I thought — but, as I now 
know, erroneoiiisly — that particles cd such Ioaa^ specific 
gravity as those of cork, thread, and paper, Avould never 
come into contact Avith the siirfiices of the glands. The 
}>articles cannot act simply by their AA*eight bt ing added to 
that of the secretion, for small drops of Avater, many times 
heaAncr than the particle.^, Avere repeatedly added, and neA-^er 
produced any eftect. Nor does the disturbance of tho sceie- 
tion produce any effect, lor long threads were draAvn out by 
a needle, and affixed to some ailjoining object, and thus lett 
for hours; but the tentacles remained motionless. 

I also carefully removed tho secretion from four glands 



wuth a sharply pointed jiiece of blotting-paper, so that they 
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cm the ftlanclB wliich'inight bo soiifiitivc to the interceplion 
of tbe lisht Altlioiif^li tbia seemed highly im|iro>>able, ^ 
minute and thin splintera of colourless acted power- 

fully, nevertheless, after it was dark, 1 put on, by the aid of 
a feluLde tallow candle, as quickly as possible, particles of 
wrk and on the gUxida of a dozen tentacles, as well afj 
Boiiie of meat on other j^landK, and covered them up so that 
not a ray of could enter ; but by the next moriiin^^ 

after an interval of 13 hrs,, all the particles were carried to 
tho centres of the leaves. 

These nef^ative rcsulte led me to try many more experi- 
nienta, by placing particles on tho surface of the drops of 
seci'ction, observinir, as carefully as I oould, whether they 
jwnettatM it and touched the surface of the glands. The 
secretion, from Its weight, generally forms a thicker layer 
on the under than on the npjjcr sides of the glands, w'hatevor 
may he the position of the tontacles. Minute bite <>? dry 
cork, thread, blotting-paper, and coal-cinders were tried, such 
as those pi'cviously ctiijjliuyud ; and I now observed that they 
absorbed much inoro of the secretion, in the course of a few 
minutes, than 1 should have thought j>ossiblc ; and as they 
had been laid on the upper surface of the secretion, wliere it 
13 tliinnCHt, they were olten drawn down, after a time, into 
contact with at least Rome oue point of the gland. ’With 
respect to the mirmto splinters of glass and pjarticles of liair^ 
I observed that tho secretion slowdy sproad itself a little 
over their surfaees, by which means they weio likewise 
drawn dowuiwards or sideways, and thus ono end, or some 

minute prominence, often came to touch, sooner or later, the 
gland. 

In the foregoinfj and follow'll cjlxos it tw tlmt 
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fow of tlio tt^titiicles moved. TLoi^e whicli were not affected 
were Icift for about half im hour, and the parti ele& iveie then 
disturbed or tilted up several times ’v^dtli a fine needle under 
the microscope, the glands not being touched. And now in 
tho course of a few rninufeH idmost all the hitherto motion- 
less tentaelcs began to iiiove ; and this, no doubt, was caused 
by one end or some prominence of the particles having come 
into contact with tho surlace of the glands. T?nt, as the 
]>artieles were unuHually minute, the movement was smalh 
Lastly, some dart hluo glasH ponndoti into fine splintonj 
wiiS need, in order that the points of the particles might be 
better distinguished when immersed in the secretion ; and 
thirteen such ]>artidefi A^^e^o placed in contact with the 
depending and therefore thicker part of the drops round so 
many glamls. Vive of the ten tildes l)egan moving after an 
interval of a few mimitiss, and in these cases i dearly saw 
that tlie particles touclicd the lower surface of the gland. A 
i-ixtli tentacle moved after 1 hr. 45 in., and the paitide was 
now in contact wdth the gland, wdiich was not the case at 
first. So it w^as witti the seventh tentacle, hut its movement 
did not begin until y hrs. 45 m. had elapsed. The reuiaming 
six tentacles never moved as long as they w'ere oiiservod ; 
and the ])iiiticles apjjarenlly never came into contact wdtli 
the surfaces of the glands, 

Trom these experiments was learn that partides not con- 
taining soluble matter, when placed on glands, often can sc 
the tentacles to begin bending in the course of from one to 
live minutes ; and that in sudi cases the particles have hecu 
from, the first in contact Avith the surfaces of the glands. 
^V'hen the teiit^ides do not liegin moving for a much longer 
time, namely, from half an hour to three or four hours, the 
particles have been slowly brought into contact with the 
glands either by the seoretion being absorbed by the particles 
or by its gradual spreading over them, together with its 
consequent quicker evaporation. When tho tentacles do not 
move at all, the particles Iiua^o never come into contact w ith 
the glands, or in some cases the tentacles may not have ^*^3^ 
I in an active condition. In order to e^ccite movement, it is 
I in difl pen sable that the particles should actually rest on the 
I glands ; for a touch once, twice, or even thrice repeated by 
I any hard body, is not sufKcicnt to excite Tnovement, 

I Another experiment, show ing that extremely minute par- 
I tides act on the glands when immersed in water, may liere 
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ou. A "Tain »f sulpluitc of quinine ivas ailtleil to a„ 



solntiou iloes not act SO qnicldy as this. It immediately 
oociiiTtid to uio tliitt the pftrticl&s oJ tlic UDdiysolvcu ■wliich 
wero so m to flwit about, Tiii;^ht have come into contact 
with tlio glandB, mid caused this nipid movomout. Accord- 
ingly I added to KOtue distilled water a ijiiich of a quite iiiuo- 
ecut siibstaiice^ namely, precipitated carlKumto of lime, which 
consists of ill! impalpable poivder; I shook the mixture, and 
thus got a fluid like tliiii milk. Two leaves w-ere iTnmejml 
iu it, and in G m. almotst every tentacle %vaa much inflecbid* 
I placed one of these leaves under tho microKCOpe, and saw 
iimumcrablc atoms of lime adhering to the external surface 
of the secretion, Some, however, had penetrated it, and 
w'ore lyiug on tho siirJhces of the glands ; and no doubt it 
was these particles which caused the tentacles to bond, 
\\'heu ii leaf is immersed in water, the secretion iostautly 
KW'clla much ; and I presume that it is ruptured here and 
there, so that little eddies of water msli in. If so, w^e can 
understand liow^ the atoms of chalk, ivhich rested on tlie 
surfaces of the glands, had penetmted the secretion. Any one 
who has rubbed precipitated chalk bcdw'een his fingers will 
have perceived liuAvexeessively fine the powder is, No doubt 
there must be a limit, l>e 3 'ond which a particle would be too 
small to act on a gland ; but what this limit is 1 know not, 
I have often scon fibres and dust, which had fallen from the 
air, on the glands of plants kept in my room, and these 
never induced any movement ; but then such particles lay 
on the surface of the secretion and never reached tho <vknd 




jrlaiitls, ftud afterwards thoso of tlie pedicels, are affi cted in 
plainly visible manner by the pressure of mi imte particles we 
shall have iilnindant evidence when we treat of the ag^rfe^tion 
of tlie protoiilasm* But the case is much more iTinarkahle 
than as yet stated; for the particles are supported hy the 
viseid and dense sccrotion ; nevertheless, oven smaller ones 
than those of wliich the mcas^irenients have been given, when 
brought by an insensibly slow movement, through the 'moans 
above specified, into contact witli the surface of a f^^land, act 
on it, Hiid tlie tentacle hcmls. The preestire exerted by the 
particle of hair, weighing only of a grain and supported 
by a dense fluid, must have been inconceivably slight. AVe 
may conjecture that it could hardly have equalled the 
millioritli of a grain ■ and we shall hereafter see that far less 
than the millionth of a grain of phosi>hate of ammonia in 
solution, when aljsorbed by a gland, acts on it and induces^ 
movement. A bit of hair, of an inch in length, and there- 
fore much larger than those used in tlio above experiments, 
was not perceived when placed on my tongue; and it is 
oxtroniely doubtful whether any nerve in the human body, 
even if in an inflamed condition, ivoiild be in any war 
affected by such a particle supported in a dense fluid, aiul 
slowly brought into contact -with the nerve. Yot the cells of 
the glands of Dn>sera are thus excited to transmit a motor 
impulse to a distant point, inducing movemenL Jt appears 
to mo that hardly any moro remarkable fact than this has 
been observed in the vegetable kingdom. 

The Injlcdion of ihe Exfenor Tentadejf, ivhen their Glandnt are 

excited hy Rej^eated Touehca^ 

Wo have alroa dy seen that, if the contra! glands are 
excited by being gently brushed, they trails in it a motor 
impulse to the exterior tentacles, causing them to bend; 
and wo Imvo now to consider the effects whicli follow from 
the glands of the exterior tentacles being themselves touelied. 
On several occasions, a large number of glands wore touched 
only once with a necdlo or fine brush, hard enough to bend 
the whole flexible tentacle ; and, though this imist have 
caused a thousjxnd-fohl greater pressure than the weight of 
the above-described jmrticlcs, not a toiitaclc moved. On 
another occasion forty-live glands on eleven leaves wa^re 
touched once, twice, or even tliricc, with a needle or stitf 
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Lristk- Thifl wan dorio m quickly !i3 posHible, Ijiit with forco 
snflicimit to bend tho tentacle. ; yet odIv «ix of them became 
inflected,— til ree plainly, and tlirec m n alight degroo, Lt 
order to ascertain whether thei«i tcntaclea which were not 
affected were in an eflicient atate bits ol meat .vore pUoed 
cm ten of them, and they all .oon became greatly incurved. 
<hi the other hand, when a large mimbcr ot glaiida were 
struck four, five, or .lit time, with the same force a. befons 
a needle or sliarp splinter of glass being used, a much larger 
proportion of tentacles became inflected; but the rceult was 
BO uncertain as to Rcem capricions. For instance, I struct 
in the above nuumor three glands, which happened to Ikj 
extremely sensitive, and all three were inflected almost as 
quickly as if bits of meat had been placed npori them. On 
another occasion I gave a single forcible touch to a consider- 
able iiumher of glands, and not one moved ; but these 8amo 
glands, after an interval of some hours, being touched four 
fivu times with a needle, several of the tenteclea sexm 



became inflectel. 

The fact of a single touch or oven of two or three touches 
not causing inflection must he of some service to the plant ; 
ag, dining stormy weatliei', the glands cannot fail to be 
occasionally touched by the tall blades of grass, or l>y other 
plants growing near ; and it would bo a great evil if the 
tentacles were thus brought into action, for tlie act of re- 
expansion takes a con side i able time, and until the tentacles 
arc re-expanded they cannot catch })rey* On the other hand, 
extreme seneitivcncss te alight pressure is of the liigbeet 
service to the plant; for, as wo have seen, if the delicate 
feet of a minute struggling insect xuesa ever so lightly on 
the surfaces of two or thice glands, the tentacles bearing 
these glands soon curl inwards and carry the insect with 
them to the centre, causing, after a time, all the circum- 
foi\mtial tentacles to ombracu it. Nevertheless, the movc^ 
mcnts of the plant are not perfectly adaj>ted to its require- 
ments; for if a Idt of dry moss, peat, or other rubbish, is 
blown on to the disc, as often happen a, the tentacles clasp it 
in a useless manner. They soon, howe%’cr, discover their 
mistake and release such innntritiouy objects. 

It is also a remarkable fact, that drops of water falling 
from a height, whether under the form of natural or artificial 

the tentacles to move ; yet tho drops must 
s ri 'e le gauds with considerable force, move esiiccially 
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after tlie accTctiim lias nil waelied awEiy hy lieavy rain ; 
and tills (>ftou occurs^ tliongh the secTetioii &ij viscid that it 
can be removed with difJiculty merely hy waving the leaves 
in water. If tlio falling drops of water sire Bmall, they 
adhere to the Kecretion, the w'eight of which must l>o increased 
ill a much greater degi’ee, as before remarked, than by the 
addition of minute particles of solid mattery yet the llropg 
never cause the tentacles to hecomc inflected, jt would 
obviously have been a great evil to the plant {ag in the case 
of (Xscasional touches) if the tentacles were excited to bend 
by e\^ery sliOAver of niin j hut this evil has hecn avoided hv 
the ghitids either having become through hahit inecnaible to 
the hlow's niid prolonged pressure of drops of water, or to 
their having been originally rendered sensitive solely to the 
contact of solid l>odiea.* We shall hereafter see that the 
hlaiiicuts on the leaves of Dioneea are likewise insensible to 
the impact of fluids, though exquisitely sensitive to momen- 
tarj’ touches from any solid body* 

When the pedicel of a tentacle is cut off by a shar]> pair of 
scissors quite close beneath the gland, the tcntacdc generally 
beauiies inflected* I tried this exj>eriment repeatedly^ as 1 
was much surprised at the fact, for all other }uirts of the 
pedicels are insensible to any stimulus* These headless 
tentacles after a time rc-ex]»aiid ; btit 1 sliall return to this 
subject* On tho other hand, I occasionally succeeded in 
crushing a gland between a pair of pincers, but this caused 
no infiection. lu this latter case the tentacles seem paralysed, 
as likewise follows from the action of ton strong solutions of 
certain salts, and of too great beat, whilst weaker solutions 
of tho same salts and a more getitle heat cause movement. 
We shall also see in future cljapters that various other huids, 
some vapours, and oxygen (after the plant has Ixseu for some 
tiino excluded from its action), all induce inflection, and this 
likewise results from an induced galvanic current, f 



* [Pfeffci-'s experiment?, given 
above (p* 22), explain the iailure of 
rain to ciut»<e inovemeat, — F. D,] 
t My Boll Francifl, guideil by the 
obserratioDsof J>t. Biirdoo Sanderson 
on Diotnra, finds that, if two needles 
are inserted into the blade of a leaf 
of Prosera, the teotacleB do nut 



move ; but that, if similar needles in 
ooiiiieetion with the ?ec;ondary toil of 
a Du Boia indue tion upparatue arc 
inserted, the tentrtclea curve inwardi 
in the course of a few miiuttes. My 
son hopes soon to publish on account 
of his obsorvationa. 
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CIIAPTEE IIL 



ACOREGATIO^ of THK rROTOFLASJl WITHIN THE CELLS OF THE 

Tentacles, 

Xaturt of the contents of the cells before njsj^egation — Various causes which 
Old to aggregation— The ihrocoaa cwmmenoes within tho glamis and travel* 
down the tentacles— Rest- ription of the aggregntoil maflees ani of theii- 
spontaneous movements— Currents of’ protoplaBni along the walls of the 
colJs— Action of carlounto of nmiuonia — The granules in the [tfotojdiiain 
which flows along the ivalls coalesce with the central masses — Minuteness 
of th a quantity of carbonate of ammonia causing oggi ogation^ — Action of 
other salts of ammonia — Of other EubstuncOB, organic iliiida, &c. — Of 
water — Of heat — Redissolntion of the aggregated tnasses— Proj-imate 
causes of the aggregation of the protoplasm — Summary niul concluding 
remarks — Supplementary observations on aggregation in the roots of 
plants,. 

I WILL here internipt my ftccomit of the movements of the 
leave St aufl describe the jihonomeiron of aggregation, to wliicb. 
subject I have already alluded^ If the tentacles of a young, 
yet fully matureil leaf, that has never been ciicited or become 
inflected^ l>e examined, the cells forming the iiedicels are seen 
to be filled with liomogeneous, puri>lc Hu id** The w-alls are 

lined by a layer of colourless, circulating protoplaaiu ;f but 
this can be aeon with much greater distinctness after the 



* [The statement as to the absence 
of a nndeiiK in the ^tdk-cella cf 
Drosera (Fraqtiss Darwiu, * Quarter! y 
dournal of Microscopical Science!* 
1876 ) has been ahinva by Pfeifer to 
he quite erroneous ("Osmotiache 




in Droserit {ikAoiomu, hut o lists nl.so 
in />. intundt'/o/Hf ^ in th& I’omier 
s-pedes, in w^hich it hoa been more 
espeuiaJly studied bv its discoverer, 
it is a III ore at less spiarlle-shajwd 
majks, stretching diagonally acro!i4i 
the Cell, the two enda being embedded 
in the cell-proto|i|,tsm. **■ It is 
present in all the epidenufe cell* of 
the leaf eicept the gland cells and 
the Cell* immedia||.ely beneath ihe 
Eanie. hurt her reference to the 
rhabdoid will be found at p. — 
t . D.l ^ 



^ t [Mr, W. Gardiner R, Sue,/ 
Xoj ‘ 246 , ISSd) hns described a re- 
markable IkmIv named by him thij 
** rhabdoid,** which erists w ithin the 
ipldermic cells of the stalk of the 
tentacles. This body was discovered 



** rhabdoid,^ 
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process of ag|i;regatioTi has been partly effected tban before. 
The purple fluid which exudes from a cnished tentacle ia 
Bomovrhat coherent, and dtJOS not mingle with the Biirrounding 
Tvater ; it contaiiis much fiocculent or granular matter. Hut 
this matter may have been generated by the cells having 
been crushed i eomo degree of aggregation having been thus 
almost instantly caused. 

If a tentacle is examined some hours after the ghmd has 
been excited by repeated touches, or by an inorganic or 
organic particle placed on it, or by the absorption of certain 
fluids, it presents a wholly changed appearance. The cells, 
instead of being filled with homogeneous purple fluid, now 
contain variously shaped masses of purj^le matter, suspended 
in a colourless or almost colourless fluid. The change is so 
conspicuous that it ia visible through a w-cat lens, and oven 
sometimes with the naked eye ; the tentacles now have a 
mottled appearance, so that one thus affocted can be picked 
out with ease from all tho others. The same result follows 
if the glands on tho disc are irritated in any manner, so that 
the exterior tentacles become inflected; for their contents will 
then bo found iu an aggregated condition, although their 
glands have not as yet touched any object. But aggregation 
may occur indoixindently of inflection, as we shall presently 
ftee. By whatever cause the process may have been escite<l, 
it commences within the glands, and then travels down tho 
tentacles. It can bo observed much more distinctly iu the 
upper cells of tho pedicels than within tho glands, as these 
are somewhat opaque. Shortly after the tentacles have re- 
expanded, the little ma-sses of protoplasm are all redissolved, 
and the purple fluid within the colls becomes as homogeneous 
and transparent as it was at firat. The process of redissolu- 
tion travels upwards from tho bases of the tentacles to tho 
glands, and therefore in a reversed direction to that of 

Tentacles in an aggregated condition were 
shown to Prof, Huxley, Dr. Hooker, and Dr. Burdon 
Sanderson, who observed tho changes under the microscope, 
and were much struck with the whole phenomenon. 

Tho little masses of aggregated matter are of tho most 
divei^ificd shapes, often spherical or oval, sometimes much 
elongated, or rpilte irregular with thread- or necklace-like or 
club- formed projections. They consist of thick, aj>parently 
viscid matter, wtich in the exterior tentacles is of a purplish, 
and in tho short discal tentacles of a greenish, colour. Iheso 
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little maseea inceHsantly change their forma ami positiwa, 



being never at reat. A single mass will often separate into 
two, which afterwards reunite. 'I’lieir movoincnts are rather 
slow, and reacmble those of Amcobm or of the white 
corpuscles of tho blood. We may therefore conchule that 
they consist of protoplasm.* If their aliapea are sketched at 



PtagrAtu or Ibe Mmo cell of » tenlAcle^ *!iuwins iJic vfirjmii! forms NmcCPwIrflTy 
pfan miftii by tbe agigregaLeiJ of protO'pliuiiii,. 

Intcrviils of a few minutes, ilicy arc invariably seen to have 
nndergone great changes of form j and the sanie cell has been 
observed for several hours* Eight mde, though accurate 
sketches of the same cell, made at intervals of between 2 m* 
or 3 m., are hero given (fig. 7), and illustrate some of the 



* [This conclusion has been shown finnedb 7 GarJmer(*Proc, Uoyflil Soc^/ 

to be erroneous; there can be no ^ifov. 19, 1885^ No. 240, 188G), who 

doubt that the aggregated masses describes the protoplasm in the stalks 

are concentrAtiotis or preeipitations cells of Dws^a dichot-oma as swelling 

of tho oelheapj and that their snp- up by the absorptian of the water 

posed amenboid movements are the frotii. its own vacuolCj^ and thus 

result of the stre&miirig protoplft.-sm, leaving the tannin in celhsap in a 

which moulds tho passive masses into concentratsd condition* Gardiner 

a variety of forms. has added some curious obd^n'i- 

Ifeffer waA the first to insist on tiong on the connection between 

thw view of the nature of afftrraKa- asere elation and the condition of 
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the cell to its normal condition.” 
These changes are connected witli 



Sehimper’s observations are con- 
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simpler anti commonest chauges. The coll A, when first 
sketchotl, inchidcd two OT?al masBos of purple protoplasm 
touching each other* These became separate, as shown at B 
and then reunited, as at 0* After the next internal a ’veir 
common appearance was presented — D, namely, the formation 
of an extremely Jiiiimte sphere at one end of an elongated 




1 2 3 4 & 6 t g 
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Fig. S. 

(fJrcjcra. 

niAgram of the eaine cell of a the varieuA fonna aucfSBsive] j 

usumed by the Jiggregatei ma&aee of prgtoplasiiL 




mass. This rapidly increased in size, as ehown in E, and 
was then reabsorbed, as at F, by which time another sphere 
had been formed at the opposite end. 

The cell drawn in fig* 7 ’was Ixom a tentacle of a dark red 
leaf, which had caught a small moth, and was examined 



certain alterations of form occurring 
In the aboTe-mentioncNjl body de- 
scribed by Gardiner under the uainc 
of rJuj^lxjkfidf and which seems to be 
peculiarly sensitive to changes in 
the turgidiiyt much so indeed that 
the author utilises it as a turgo- 
meter,” or index of the degree of 
tumescence, 

H. de Vries has also written on 
the subject of aggregation (‘Botaii- 
ische Zeitung/ 1J!386, p. 1), and his 
views agree with those of Pfc0er, 
Schimpei^ and Gardmer sa to the 
main fact that the aggregated masses 
are conceDt rations of ccli-sap. In 
Some other respects they dilfer from 
the coDci unions of these authors. 

De V lies believes that lu Drosera 
aud in vegetable cells generally the 
vacnolus aro surrounded by a special 



protoplasmic wall, distinct from 
the layer of flowing protopiasm 
which Hues the walls. In the 
process of aggregation the vacuole 
expels a great part of its watery 
contents, retaining, however, the 
red colouring matter of the cell- 
sap, as well as tauuiu and albu* 
minous matter. The vacuole does 
not remain a single body, but divides 
into numerous iecomlary vacuoles. 
These arc the aggregated masses 
which arc rendered conspicuous by 
being surrounded by the expelled 
fluid which serves as a colourless 
background to them. The move- 
ments cf the masses are, according to 
De Vries, entirely passive, and are 
accounted for by the currents of 
protoplasm, stirring them and wash- 
ing them to and fro. — F. D,] 
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under witter. 
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licrU. line to tlic aljsyrption of water, I placed 
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Ab I at first tlirmglit that the inovemontB of 




which the protoplasm underf^oee. At first there was at the 
Ixise of the cell 1 a little ma&s on a short footstalk, and a 
farcer mass ne^r the upper end, and these seemed quite 
separate, h’evertheless, they may have liecn connected by a 
fine and invisible thread uf protoplasm, for on two other 
occasions, whilst one ma>ss was rapidly incxeasinf^, and 
another in the same cell rapidly decreasing, I was able, by 
vaiyung the light and using a high powder, to detect a 
connecting thread of extreme tenuity, which evidently served 
as the channel of communication bet ween the two. On the 
other hand, such connecting threads are sometimes seen to 
break, and their extremities then quickly become chib-headcth 
The other sketches in fig, 8 show the forms siiccesflively 
assumed. 

Shortly after the pnr]de fluid Tvithin tho cells has become 
aggregated, tho little masses float about in a colourless or 
almost colourless fluid; and the layer of white gianular 
protoplasm which flows along thew^alls can now bo seen ranch 
more distinctly* The stream flow s at an irregular rate, Tip 
one wall and down the opposite one, generally at a slow'cr 
rate across the n arrow ends of the elongated cells, and so 
round and round. But the current Bometimes ceases. The 
movement is often in waves, and their crests sometimes 
stretch almost acroBS the whole width of the cell, and then 
sink do\vn again. Small spheres of protoplasm, apparently 
quite free, are often driven by the current round tho cells ; 
and filaments attached to the central masses are swayed to 
and fro, as if struggling to escape. Altogether, one of these 
cells with the ever-changing central mSisscs, and with the 
layer of protoplasm flowing round the ivallfl, presents a 
wonderful scone of vital activitj". 

Many ohservations were made on tlie contents of the cells whilst 
undergoirg the proccta of aggregatiou, but 1 aball detail only a few 
CMea under different heads* A small portion of a kaf was cut off, 
placed under a high power, and the glands very gently pjre&Bcd under a 
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compressor. Jn 15 m, 1 distinctly saw extremely mlnule splieres of 
protoplasm aggregating themsebes in the purpk fluid; tlieae rapidly 
increased in ske, both within the cells of the glands and of the upper 
ends of the pedicels. Particles of glasg^ cork, and cinders were also 
placed on the glands of many tentacles; in 1 lir. several of them were 
mJiectetl, but after I hti d5 m, tliere was no aggregation* Other 
tentacles with these ^>articles were examined after 8 hrs*, and now all 
their cells liad undergone aggregation ; so had the cells of the exterior 
tentacles which had become inlketod through the irritation tnmsmitted 
from the glands of tho disc, on which the transported particleE rested. 
This waft likew'ise the case with the short tentacles round the margins 
of the disc, which had not as yet become inflected. This latter fact 
shows that tlie j^roce&s of aggregation is independent of the inflection 
of the tentacles, of W'hich indeed we have other and abundant evidence. 
Again, the exterior tentacles on three leaves were carefully examined, 
and found to contain only homogeneouft purple fluid; little hits of 
thread were then placed on the glands of three of them, and after 22 
hrs. the purple fluid in their cells almost down to their bases was 
abrogated into innuiiierable spherical, elongated, or filamentous masses 
of protoplasm- The bits of thread had been canitd some time 
previously to tbe central disc, and this had caused all tho other 
tentacles to become somew^hat inflected; and their ceils had likewise 
undergone aggregation, which, however, it should be observed, had not 
as yet extended down to their ba&es, but was confined to the cells close 
beneath the glands* 

^^ot only do repeated touches on the glands* and the contact of 
minute i^ar tides cause aggregation, but if glands, without being theta- 
selves iigurcd, are cut off from the summits of tho pedicels, this 
induces a moderate amount of aggregation in the headlesB tentadeft, 
after they have become inflected. On the other hand, if glands are 
suddenly crushed between pincers, as was tried in six cases, the 
tentacles seem jaralysed by so great a shock, for they neither become 
inflected nor exliibit any signs of aggregation. 

Carhonatc of AmTiwnifi. — Of all the causes inducing aggregation, 
that which, aa far ag I have seen, acts the quickest, and is the most 
powerful, is a solution of carbonate of ammonia. Whatever its strength 
may be, the glands are always affected tirst, and soon become quite 
opaque, BO Qs to appear black. For instance, 1 placed a leaf in a few 
drops of a strong solution, namely, of one part to 14G of water (or 3 
grft* to 1 03.), and observed it uuder a high power. Ail the glands 
began to darken in 10 .s* ( seconds) ; and in 13 ft. were conspicuously 



* Judging froru an account of ^I. 
Heckcl'e obrierTatiotis, which I hare 
Only just teen quoted in the * Gar- 
dener's Chronicle ' (Oct* 10, 1674)^ he 
appeal‘d to have observed a similar 
phenomenon in the sta metis of Bur- 



herb, after they have been excited by 
a touch and liave moved; for he says, 
“ tbe contents of each indiv]du!il cell 
.are collected together ill the centre 
of the cavityJ’ 
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ilarker* In 1 m* extremely BinaU Bpheric&l lonsfUda of protoplasm could 
lie seen arising in the cells of the i^ediceia cU>ae beneath the gland h, aa 
well aa in the cushiena on which the long-headed marginal glands rest, 
Tn several cases the process travdlcil down the ]>edicela for a length 
twice or thrice as great as that of the glands, in about 10 m. It was 
interesting to observe the procces momentarily arrested at each trans^ 
verse partition between two cdlfl, and then to ae*? tlie transparent 
contents of the cell nest hdow almost flashing into a cloudy mass. 
In the lower part of the f^edicels, the action procceiied slower^ so that it 
took ahont 20 m. Iwfore the cells halfway down the long marginal and 
BUbraarginal tentacles became aggregated. 

We may infer that the carbonate of ammonia ia abrorbefl by the 
glands, not only from its action l>eing so rapid, but from its effect being 
Somewhat different from that of other salts. As the glands, when 
excited, secrete an acid belon^ngto the acetic seriefl, the carbonate is 
probably at once converted into a salt of this scries; and we shall 
presently see that the acetate of ammonia causes aggregation almost 
or quite as energetically as does the carbonate. If a few dro|JB of a 
solution of one part of the carbonate to 437 of water (or I gr* to 1 oz.) 
be a*lde<l to the purple fluid which exudes from crushed tentacles, or 
to paper stained by being rubbed by them, the fluid and the paper are 
changed into a pale dirty green. Nevertheless, some purple coloitr 
could atiil be detected after 1 hr. 30 m. within the glands of a leaf left 
in a solution of twice the above strength (vjk. 2 grs. to 1 ok.) ; and 
after 24 hrs. the cells of the pedicels close beneath the glands still 
contained spheres of protoplasm of a fine purple tint. These facts 
show that the ammonia had not entered as a carbonate, for otherwise 
the colour would have been discharged. I have, however, some limes 
obaerveti, especially with the long-headed tentacles on the mar^nsof 
very pale leaves immemd in a solution, that the glands as well as the 
upiier cells of the pedicels were discoloured; and in these cases I 
presume that the unchanged carbemate had been absortied. The 
appearance above doscribc^i, of the aggregating process being arrested 
^ time at each tjansvcT^e partition, impresses the lUiDd with 
the niatter passing dosvnwards from cell to cell. But as 

the cells one beneath the other undergo Aggregation when inorganic 
and insoluble particles are placed on the glamAs^ the process must be, St 
least m these cases, one of molecular change, transmitted from the 
gknds indejMUdently of the absorption of any matter* So it may 
ji^iWy b 0 w tho cage of the carbonate of ammonia. Aa, howerer, 
r tlie tentacles at a 

;? ? absorbed not only by he 

glands, but passes dmvn the teniaclcs 

Having eiaminod a loaf in water, and found tlio content* of the 
rf lL^”a“Ete to ^ ® P*^‘ 

beneath the glands. bit°did“ not “ immediately 



Vise a very high flower* No Aggrega- 
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tion wivi visible in 3 m.-, but after 15 di. Bmall spherea of proto- 
plasm uere formed, more especially beneath the long-beaded niargmal 
inlands ; the procef+ii, however, iq tltia case took pdace w ith unusufid 
slowness. Ill 25 m. conspicuous spherical masses were preisunt in tlia 
cells of the |>ed[cela for a length about equal to tliat of the glani - 
and in 3 hrs. to that of a third or half of the whole tentacle, ' 

If tentacles with cells contaiuing only very pale pink fluid, and 
apparently but little protoplasm, are pkceil in a few^ drops of a w^eak 
solution of one part of the carbonate to 4375 of water (I gr. to 10 ok.), 
and the highly trans|Tflrent celk beneath the glanas are carefully 
observed under a high power, tlieae may lie seen first to become 
slightly cloudy from the formation of nutnberless, only just perceptible 
granules,* which rapidly grovr larger either from coalegcence or from 
attracting more protoplasm from the surrouuding fluid. On one 
occasion i chose a singularly pale leaf, and gave it, whilst under the 
microscope, a single drop of a stronger solution of one part to 437 
of water; in thiii case the contents of the cells did not become 
cloudy, but at ter 10 m, minute irregular granules of protoplasm 
could be detected, which aooti increased into irregular masses and 
globules of a greenish or very pale parade tint; but these never 
formed perfect spheres, though incessantly changing their Ehapes and 
positions. 

With moderately red leaves the first eficct of a solution of the 
carbonate generally is the formation of two or three, or of several, 
extremely minute purple spheres which mpidJy increase in size. To 
give an idea of the rate at which such spheres increase in size, 1 may 
mention that a rather ]>ale purple leaf placed under a slip of grass waa 
given a drop of a scilution of one jiart to 292 of water, and in 13 nu a 
lew minute spheres of protoplasm were formed; one of these, after 
2 hrs, 30 in., was about two-thirds of the diameter of the cell. 
After 4 hrs, 25 m. it nearly equalled the cell in diameter; and a 
second aphere about half as Large as the first, together with a few 
other minute ones, were formed, After 0 hrs, the fluid in which 
these spheres floated was almost colourless. After 8 hra. 35 m. (always 
reckoning from the time when the solution w’as first added) four new 
minute spheres had appeared. 2skxt morning, after 22 hrs,, there 
were, besides the tw'o largo spheres, seven amaller ones, floating in 



* [De V i-iea (ioc. ciL p, 59) believes 
that the form of aggregation prO’- 
duoed by carbonate of ammonia is 
i*adtcaUy difterent from ordinary 
aggregation, c.fj. that produced by 
meat. He believes it to be due to a 
precipitation of alUiiminous matter; 
the granul&si tlina formed tend to 
become packed into balls, and thuA 
dense are prodneed which it 



isi not alw^ajfi easy to distingaish 
from the aggregated masses iivhich 
De Vrica believed to be formed from 
the vacuole .1 Glauer, ia the ‘ Jahres- 
Ikricht der SchL Gescll. fur vatci'' 
iiind. Cnltur,^ 1887, p, 187,alsn distia- 
gtiishes nmtnonia — aggregatioa from 
the ordinary tonii of the jjbeno-" 
raeacm, — Ih] 
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absolutely colourless fluiU, iu Bome floccnlent greenish multcr 

"It «nommencement of the rrocess of aggregation 

in dark rel leaves, the contents of the cells often present a diffetent 

apiiearance, as it the layer of 

lines the cells had sqarated itself and shrunk from t he ualk ; an 
irregularly shaped purple bag being thus formeil. Other ikudps besides 
a (Slution of the carbonaie, for instance an infusion of rayv m^t, 
proiluce this same effect. But the app^mnee of tlm priiuordial 
utricle shrinking from the walls is certamly false ; for before giving 
thG solution, I SJiw on meveral occasionfl that the u alls Here ]me<.i with 
colourlesH flowing protoplasm, and, after the bag-like maf^ea were 
formed, the protoplasm was stiU flowing along the in a con^ 

spicuous matin er, even more so than before. It appcjareil indeed as if 
the stream of protoplasm w'lw strengthened the aetion of tlio 
carbonate, but it was impossible to ascertain whether tln.^ was really 
the c^se. The big-Iifco masses, when once formed, soon begin to 
glide slowly round the cells, sometimes sending out projections^ w-hieh 
w.iparate into little Bpiieres; other spheres appear in the fluid sur- 
rounding the bags, and ibese travel much more quickly. That the 
small spheres are separate is often shown by sometimes one and then 
another travelling in advance, and sometimeB they revolve round each 
other, I have occasionally seen spheres of this kind proceeding up and 
do^vn the same side of a cell, instead of round it. The hag-like masses 
after a time generally divide into two rounded or oval ma&sog, and 
these undergo the changes showm in figs. 7 and 8, At other timcB 
spheres appear within thei bags j and these coalesce and separate in an 
endless cycle of change.. 

After leaves have l>een left for several hours in a solution of tlie 
carbonate, and complete aggregation has been effected, the si ream of 
protoplasm on the walls of the cells cease^s to be visible ; I observed 
this fact reixjatedly, but wdU give only one instance, A pale purple 
leaf was plsced in a few dropaof a Bolntion of one part to 292 of water, 
and in 2 hrs. some flue purple spheres were forratSt in tlie iipi>er cells 
ut the pedicels, the stream of protoplasm round their walls being still 
quite distinct j hut alter an additional 4 hrs*, during which time many 
w'ere formtal, the stream wjts no longer distinguishable on 
the moat careful examination j and this no doubt was due to the 
containetl granules having become united with the spheres, so that 
nothing was left by which the movement of the limpid protoplasm 
wuld perceived. But minute free spheres still tmvollod up and 
tlown the cells, showing that there was still a current. So it was next 



• With other plants 1 have qfteTi 
seen what appeara to he a true 
shrink I ug of the priiiicirdiial utricle 
from the walUof the cells, cau&ed by 



a solution of carboaate of atmnonia 
as^litewise fellows from mechanical 
injuries^ 
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morriiig, after 22 lira., by ^vbich time Ronie new minute spheres had 
been funned; these oscillated finm E-ide to aide and changed tLir 
positions, proving that the current had not ceased, though no atream of 
protoplasm was visible. On another occasion, however, a atreatn was 
seen flowing round the cell-walls of a vigorous, dark-coloured leaf, 
after it had been left for 24 hrs. in a rather stronger solution, namely* 
of one iiart of the carbonate to 218 of w^ater. This leaf, therefore, w'ae not 
much or at all injured by an immersion for this length of time in the 
above solution of two grains to the ounce ; and* on being afterwards left 
for 24 hrs. in ivater, the aggregated masses in many of the cells were 
redissolved, in the same manner as occurs ivith leaves in a state of 
nature when they rc-espand after having caught insects. 

In a Ifsaf which had been kft for 22 hrs. in a solution of one part of 
the carbonate to 292 of w ater, some spheres of protoplasm (formetl by 
the telf-di vision of a bag- like mass) were gently pressed beneath a 
covering glass, and then eiamined under a high jxjwer* They were 
now distinctly divided by w^ell-defined radiating fissures, or were 
broken up into separate fragments with sharpE edges, and they were 
solid to the centre. In the larger breoken spheres the cntral part ivas 
more opatjue, darker-coloured, aud lees brittle than the exterior j the 
latter alone being in some cases penetrated by the fissures. In many 
of the spheres the line of sei^ratjon between the outer and inner pxru 
was tolerably well defined. The outer parts were of exactly the same 
very pale purple tint, as that of the last-formed smaller spheres , and 
theBe latter did not include any darker central core» 

From these several, facts we may conclude that, when vigorous dark- 
coloured leaves are subjected to the action of carbonate of ammonia, 
the fluid within the cells of the tentacles often aggregates exteriorly 
into coherent viscid matter, forming a kind of bag. Small spheres 
sometimes appear w ithin this bag, and the whole generally soon divide.s 
into two or more spheres, which repeatedly coalesce and redivide. After 
a longer or shorter time the gramilea in the oolourkas layer of protoplasm, 
w'hich flows round the ivalla, arc drawn to and unite with the larger 
sphere!?, or form small indcjjendent spheres; these latter being of a 
much imltT colour, and more brittle than the first aggregated masses* 
After the granules of protoplasm have been thus attracted, the layer 
of flowing protoplasm can no lunger be distinguished, though a current 
of limpid fluid still flows round the walls. 

If a leaf is immersed in a very strong, almost concentrated, solution 
of Ctirbonate of ammonia, the glanda are instantly blackened, and they 
secrete copioutsly; but no movement of the tentacles ensues, 
leaves thus treated became after 1 hr* flaccid, and eeem killed; all the 
cells iu their tentacles contained spheres of j>rotoplaBm, hut th^ were 
small arad discoloured. Two other iciaves were placeti in a solution not 
quite BO strong, and there was well-marked aggregation in 30 m, After 
24 h'rs^ tho spiierical or more commonly oblong maascs of protoplasm 
l»ecame ojjaquo and granular, instead of heing aa usual translucent : 
and in the low^er cell a there were only innumerable minute spbericalt 
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..raimles. It wiis GvUlent tint tlio Mrcngtli of the .tolution liiul intBr- 
Jtred with the oompletioa of the process, os wo shall see hkewiea 

follows from t<K) arcftt heat, , . * t v , 

All the foregcfing observations relate to the exterior tented™, which 
are of a purple colour; but the green pedicd.^ of tlic short central 
tentacles L acted on by the carbonate, and by an mfn^ rm 

meat in exactly the same manner, with tho flole ddleitncc that the 
augrJsate massc^s are of a greenish colour ; so that the process ia in no 
wav dependent on the colour of the fluid within the od Is 

Finallv the most remarkable fact with respect to tine salt la Ihe 
extrai^nlmary small amount which sufticea to caunc aggregation. Fidl 
details will hv given in the seventh chapter, and here it will lx: enough 
to say that with a sensitive leaf the absorption by a gland ^>f of 

a ^rrain (’0004^2 mgrd is enough to cause in tlie comsfi of one hour 
well-marked aggregation in the cells irametliately bem ath the gland. 

The J^feda'of c^taiii other Salt» and Two leavea \vcre 

placed in a solution of one part of acetate of ammonia lo about 146 of 
water, and were acted on quite as energetically, but j>erhai.TS not quite 
so quickly as by the carbonate. After 10 m. the glands were black, and 
in the cells bcnciith them there were traces of aggregation, which 
after 15 m. was well marked, extending down the tentacles for a kogtli 
equal to that of the glands* After 2 hrs. the eon tours of almost all 
the cells in all the tentacles were broken up into masses of itrotoplasm. 
A leaf ’Hvas immerHCil in a solution of one part of oxalate of ammonia 
to 146 of water; and after 24 m, scmie, but not a conspiemms, change 
could be seen within the ccUb beneath the glantis. After 47 m. 
plenty of spltcrical masses of protoplasm were fonned, and these 
extended down tho tentacles for about the length of the glands. 
This salt, therefore, does not act so quickly as tho carlxmate* With 
respect to the citrate of ammonia, a leaf w\as placed in a little solution 
of the above strength, and there was not even a trace of aggregation 
in the cells beneath the glands, until 5G m. had elapsed ; but it was 
well marked after 2 hrs. 20 m. On another occa^iion a leaf was 
placeil in a stronger solution, of one |jart of the citrate to 106 of 
water (4 grs. to 1 oe.), and at the same time an other leaf in a 
Bolutioti of the carbonate of the same strength. The glands of the 
latter were blackened in less than 2 m., and after 1 hr. 45 m. the 
aggregated manscH, which were apherical and very dark^oloured, 
extecuied dow'n all the leutacles, for between half and tw'o-thirda of 
their lengths; whereas in the leaf immersed in tho chrate the glands, 
after 30 nn, were oi a dark red, and the jiggregated miuises in the 
cells beneath them pink and elongated. Alter 1 hr. 45 m. these 

juassra extetukd down for only about ono-filtli or one-fourtU of the 
length of tho tentacles. 

Two leaves were placed, each in ten minims of a solution of one liart 
of nitrate of ainmouia to 6250 of water (1 gr. to 12 ozX so tliat each 
*1 B } ft of a grain ( ■ H24 mgr.). This quantity caused all 

c es to be inflected, but alter 24 hrs. there was only a trace 
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of aggregation!. One of these same leaves was then placed in a weak 
solution of the carbonate, aud after 1 hr. 45 in. the tentacles for half 
their lengths sliowed an astonishing degree of aggregation. Two other 
leaves wei^e then pdaced in a much stronger solution of one part of the 
nitrate to 14 1> of water (iJ grs. to X or.) ; in one of these there was no 
marked change after 3 hi-a. j hut in the other there was a trace of 
aggregation after 52 nn* and this was plainly marked after 1 hr. 22 m*t 
hut even after 2 hrs. 12 m. there wns certainly not more aggregation 
than would have folio wetl from an immersion of from 5 ni. to 10 m, 
in an equally strong solution of the carlx>nato. 

Lastly, a leaf was placed in thirty minims of a solution of one jiart 
of phoBj.>hflte of ammonia to 43,750 of water (1 gr. to 100 oz.), se that 
it received Yaim ^ grain ('04070 mgr.) j this soon caused the 
tentacles to bo strongly inflected ■ and after 24 hrs. the contents of 
the cel la were aggregated into oval aud irregularly globular mosses, 
with a conspicuous current of pnitoplasm flowing round the \valls. 
Eut after so long an interval aggregation would have ensued, whatever 
had caused inflection. 

Only a few other salts, besides those of ammonia, were tried in 
relation to the process of aggregation, A leaf was placed in a Gclution 
of one jjftrt of chloride of sodium to 218 of water, and after 1 hr. the 
contents of the cells were aggregated into small, irregularly glohular, 
brownish masses ; these after 2 hrs, were almost disintcgrateii and 
pulpy. It was evident that the protoplasm had lieen injuriously 
affected j and soon afterwards some of the ccUs appeared qtiite empty. 
Tiiese effects differ altogether from those produced by the several salts 
of ammonia, as well tVH by various orgujiic fluids, and by inorgamc 
particles plaecii on the glands. A solution of the same strength of 
carbonate of soda and carbonate of ixitasli acted in nearly the same 
manner as the chloride; and here again, after 2 hrs. 30 m., the outer 
cells of iiome of the glands had emptied themselves of their brown 
pulpy contents. We shall see in the eighth chapter that ^lutions of 
several salts of soda of half the above strength cause inflectioip but do 
not injure the leaves. Weak solutions of sulphate of qumme, of 
nicotine, camphor, poison of the cobra, &c., soon induce welhmarke<l 
aggregation ; 'whereas certain other substances (lor instance, a solution 

of curare) have no such tendency. i u t . 

Many acids, though much diluterl, arc iToisonous; and though, 
will be showm in the eighth chapter, they cause the tentacles to bend, 
tJiicy do not cscitc true aggregation. Thus leaves were placet! m a 
Solution of one i>art of benzoic acid to 437 of water ; and in 
purple fluid within the colls had shrunk a little from the wails , yc , 
when carefully examined after 1 hr. 20 m., there was no true aggrega^ 
tion ; and after 24 hrs. the leaf was evidently death Other leaves m 
iodic acid, dilutetl to the same degree, showed after 2 hrs. X'J 
same ehrunken appearance of the purple fluid within the cells, an 
these, after (> lira. 15 iin, were seen under a high |Xiwer to bo n ct 
with excessively minute splicrca nf dull reddish protoploBin, w ic y 
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the nest moTning, after 2i hrs., hail ahnoat diaappearctl, the leaf being 
eridciitly dead, ^'n^ was there any true ^gregation m leaves 
immersed in propionic acid of the same strength i ^ ^ the 

protoplasm was collected in irregular masses towards the bases of the 

lower cells of the tontacka. * ■ ^ ^ 

A filtered infiiBbn of mw me.^t indiioes aggregation, hnt not 

very quicklv- Tii one kaf thus immersed theje was a little aggre- 
gatioD after 1 hr. 20 m., aud in another after 1 hr, oO m. \\ ith other 
leaves a considerably longer time was n,‘<imrcd i for instimce, one 
immersed for S hrs. showed no aggregation, but was pkmly act^l on 
ia 5 m. when placed in a few drops of a solution of one part of 
carbonate of nnmioma to 140 of water, borne leaves were left in the 
infusion for 24 hrs., and these became aggregatoil to a wonderful 
deforce, so that the inflected tentacles presented to the naked eye a 
plainly mottled ai>pearance. The little maEst^a of purple protoplasm 
were generally oval or beaded, and not nearly so often splierical as m 
the case of ieaveB subjected to carbonate of ammonia. They under- 
went incesuaut changes of form j and tho current of colourless proto- 
plasm round the walls was conspicuously plain after au immerEion of 
25 lira. Raw meat is too i^werful a stiruulant, and even small bita 
generally iujurc, and sometimes kill, tlie leaves to which they are 
given : the aggregated masses of protoplasm become dingy or almost 
colourless, and" present an unusual granular appearance, aa is likewise 
the case witli leaves which have l>ecn imiueised in a very strong 
solution of carbonate of ammonia. A leaf placed in milk liad tho 
contents of its cells somewhat flggregate<l in 1 hr. Two otiicr leaves, 
one immersed in human saliva for 2 hrs. 30 in*, and another in unboiled 
white of egg for 1 hr. 30 m., wore not acted on in this manner j 
though they undoubtedly ivould have been so, had more time been 
allowed. These eamo two leaves, on being afterwards placed in a 
solution of carbonate of ammonia (3 grs. to 1 oz.), bad their cells 
aggregated, the one in 10 m* and the other in 5 m. 

Kcvcral leaves were left for 4 hra^ 30 m. in a solution of one jiart of 
white sugar to HG of water, and no aggregation ensued ^ on being 
]ilaced in a sfdution of this same strength of carbonate of ammonia, 
they were acted on in 5 in. as wo^ likewise a leaf "wliicb had been 
left for 1 hr, 45 m. in a moderately thick solution of gum arable. 
Several other leaves were immersed for some hours in denser' solutions 
of sugar, gum, and starch, and they had the contents of their cellfv 
greatly aggregated. This effect maybe attributes! to exosmose; for 
l ie leaves m the syrup liecame <iuite flaccid, and those in the gum and 
surch somewhat flaccid, with their tentacles twistetl about in tbe 
most irregular manner, the longer ones like corkscrews. We shah 
hereafter sec that solutions of these substances, when placed on the 
discs of leaves, do not incite mfleetion. Particles of sugar were 
, ““ Secretien round several glands and were Soon dissolve.], 
efthe sccrelion, no doubt by exosraose; and 
- ■ c cells showed a certain amount of aggregation, though 
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tlic tentacles were not inflected. Glycerine causes in a few minutes 
v^'elUlJ^onounce(l abrogation, commencing as usual within the glands 
and then ti-a veiling down tho tentacles ; and this I presume niay be 
attributed to the strong attraction of this substance for water. 
Immersion for several hours in water causes some degree of aggrega- 
tion. Twenty leaves were first carefully cxamineil, and re-examined 
after having been left immersed in distilled wafer for varions periods, 
with the following results* It is rare to find even a trace of aggrega- 
tion until 4 or 5 and generally not until several more honra have 
elapsed, AVhen, however, a leaf becomes quickly inflected m water, as 
flometiracs hapj>ens, especially during very w'arm weather, aggregation 
may occur in little over 1 hr. In all oases leaves left in water for 
more than 24 hrs. have their glands blackened, which sliowa that 
their contents are aggregated ; and in the specimens, wdiich were 
carefully examined, there was fairly ivell-marked aggregation in the 
up[Kir cells of tho pedicels. These trials w'ere made with cut-offleaves, 
and it occurred to me that this circumstance might infinence tho 
TCsuk, as the fixitstalts would not perhaps absorb w^atcr quickly 
enough to supply the glands as they continued to secrete. But this 
view" was proved erroneous, for a plant ivith uninjured roots, hearing 
four leaves, was submerged in distilled water for 47 hrs,, and the 
glands were blackened, thmigli tbe tentacles were very little inflected. 
In one of these leaves there w^as only a slight degree of aggregation in 
tho tentacles^ in the second rather more, the purple contents of the 
cells being a little separated from the walls \ in the third and fourth, 
w'hich were pale loaves, the aggregation in the upper parts of the 
|)edicel8 w'as well marked. In these leaves the little masses of proto- 
plasm, many of which were oval, slowly changed their forms and 
| 3 ositions ; so that a submergence for 47 hrs, had not kdlcd the proto- 
plasm. In a prcv"ious trial with n submerged plant tho tentacles were 
not in the least inflected. 

Heat induces aggregation. A leaf, w'ith the cells of the i^ntacle-s 
■containing only homogeneous fluid, vras w'aved about for 1 m. in water 
at 130° Fahr. (54° ‘4 Cent*), and w as then examined under the micro- 
6C0|>c as quickly as |Tossibk, that is in 2 m. or 3 m. ; and by this time 
the contents of tho cells had undergone some degree of aggregation. 
A second leaf was waved for 2 m. in water at 125'° {51° 'h (Jent^) and 
quickly examined as before; the tentacles were well inflecteii; tho 
purple fluid in all the cells had shruiik a little from the walls, and 
contained many oval and elongated massea of protoplasm, with a few 
minute spheres. A third leaf was left in w'ater at 125°, until it cooled, 
and, when examined after 1 hr. 45 m., the intiected tentacles showed 
some aggregation, which became after 3 hrs. more strongly marked, 
l>ut did not subsequently increase, Lastly, a leaf was waved for 1 m. 
in water at 120° (48° ^8 Cent.) and then left for 1 hr. 2fi m, in cold 
water; the tentacles W"ere but little inflectcfl, and thciie was only 
here Und there a trace of aggregation. In all these and other triala 
with warm water the protoplasm show'ed much less tendency to 



drosrra rotundifolia. 



[CfTAr. Id. 



46 

into splierical ma&ses than when excited by carboiuifc of 

JledissoUtion of ^Ac Masses of Proioplasm.^A^ soon as 

tentaclea which have dastwd an insect or my inorpmc object, or liavo 
been in any wav excited, have fidly r^expanded, tho aggregated 
niaases of protoplasm are redissolvcd and diaappenrj the ceils being 
now' rehUed with homngencona purple fluid as they_wcre before the 
tentacles were inflected* The process of redisaolntion m all cases 
commencca at tho bases of the tentacles, and proceeds up them 
towards the glands. In old leaves, however, especially in those which 
have been several times in action* the protoplasm In tho uppermost 
cells of tho jicdicels remains in a permanently more or less aggregated 
condition. In order to observe the process of ralissolntion, the 
following observations were made : a leaf was left for 24 hrs, in a little 
solution of ono part of c-irbonate of ammonia to 218 of water, and the 
protoplasm was as usual aggregated into numberless purple spheres, 
which Avere incessantly cliahging their forms. The leaf wa.s then 
washed and placed in distilled water, and after 3 hra, IJS m. some feiv 
of the spheres began to show by their less dearly defined edges signs 
of rodiasolution. After 9 hra, many of them bad become elongated, 
and the surrounding fluid in the cells w'as slightly more coloured 
showing plainly that redissolution had commenced. After 24 hrs,’ 
though many cells still contained spheres, here and there one could be 
seen fillwl w'lth purple fluid, without a vestige of aggregated proto- 
plasm- the whole having been redissolved* A leaf with aggregated 
masses* caused by its having been waved for 2 m. in water at the 
teiu[)erature of 125'^ Fahr., was left in cold w^atcr, and after 11 hra* the 
protoplasm showed traces of incipient redisaolntion* When again 
examined three dnys after its immeriion in the warm water* there was 
a conspicuoUB difference, though the protoplasm tvas still aomewLat 
aggregated. Another leaf, with tho contents of all the cells strongly 
aggregated from the action of a weak solution of phosphate of 
ammonia, was left for between three and four days in a miiturc 
(knowm to l>e innocuous) of otic drachm of alcohol to eight drachms of 
water, and when re-esamined every trace of aggregation liad dis- 
appearetl, the cells being now filled w ith homogeneous fluid* 

_ We have seen that leaves immersed for Rome hours in dense solu- 
tions of sugar* gum, and starch have the contentii of their cells greatly 
aggregated, and are rendered more or lesa flaceid, w ith the teiitedeB 
irregularly mutorted. These leaves, after l>cing left for four days in 
diallllecl water, tecaiue Icaa flaccid, with their tentacles parlially re- 
rapnnd^, and the ngg^ated masses of protoplasm were partially 
wf.nLe olosVly clasped oyer a fly, and 

iTtu ItL ‘ o * strongly aggregated, lyas placed in a 

and rte ofws “ ’ f *1"" ‘entaolcshad rtexiyvodcJ, 

properly expanded jmsitions, and now all traces of aa*fremtion had 

sappeared, the cells being filled with perfectly homogeneous pink 
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fluid. Thfl retliwoliUion in these cases may, I presume, be aUtibtUed 

t<> entlosmo&c. 

On the Proximate Causes of Ike Process of Aff^jregaii&n^ 

j\a most of the stimulaiita which cjuibc the inflection of the 
tciitadoB likewise induce aggregation in the contents of thoir 
cells, this latter proceea might be thonglit to he the direct 
result of in'flection ; htit this m not the case. If leaves are 
placi^d in rather strong solutions of carbonate of ammonia, for 
instance of three or four* and even srjmetimes of only two 
grains to the oiinco of water (he, one part to 109, or 146, or 
218, of water), the tentacles are jMiralysed, and do not l>scome 
inflected, yet they s(X>n exhibit strongly marked aggregation. 
Moreover, the short central tentacles of a leaf which has Ijoeji 
immersed in a w^eak solution of any salt of ammonia, or in 
any nitrogenous organic fluid, do not becomo in tho least 
inflected; nevertheless, they exhibit all the phenomena of 
aggregation. On the other hand, several acids cause strongly 
pronounced inflection, but no aggregation. 

It is an im]>ortaiit fact that >vhen an organic or inorganic 
object is placed on tho glands of the disc, and the exterior 
tentacles are tliTis caused to bend inwards, not only is the 
secretion from the glands of the latter increased in quantity 
and rendered acid, but the contents of the cells of their 
X^edicols become aggregated. The process always commeucos 
in the glands, although these have not as yet ton died any 
object. Some force or infliienco must, therefore, Ikj trans- 
mitted from tho central glands to the exterior tentacles, first 
to near their bases causing this x?art to bend, and next to the 
glands causing them to secrete jiiorc copiously. After a 
short time the glands, thus indirectly excited, transmit or 
reflect some influence down their own pedicels, inducing 
in cell beneath cell to their bases. 

It seems at first sight a proi>able view that aggregation is 
due to the gliiuds being excited to secrete more copiously, so 
that sufficient fluid is not left in their cells, and in the cells 
of the pedicels, to hold the protoplasm in solution. In favour 
of this view is the fact that aggregation follows the inflection 
of the tentacles, and during the movement the glands geucr- 
or, as I lielieve, always, secrete more copiously than 
they did be lore. Again, during the re-expansion of the 
tentacles, the glands secrete less freely, or quite cease to 
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Hccrcte, and the aggregated massea of protojilasm are then 
l^iasoWed. Moreover, rvheii leavea arc immersed m dense 
vcaetable eolutiona, or in glycerine, the fluid within the 
srlaiid-oolla passes outwards, and there is aggregation ; and 
when the leaves are afterwards inimorsed m water, or in an 
innocuous fluid of less specific gravity than water, the 
nrotoi^lasm is redissolved, md tljis, no doubt, is due to 



eiidosmoso* i i , 

Opposed to this view, that aggregation is caused by the 

outward passage of fluid from the cells, are the lollowitig 

fflctfl. There fw?eins no close relation between tho degree of 

increased aocietion and that of aggregation. Thiis a particle 

of sugar added to the secretion round a gland Dauses a much 

gieator increase of secretion, and nmeh less aggregatioH| than 

doc‘S a particle of carbonate of aumionia given in the aame 

maimer. It does not appear probable that pure w^ater would 

cause much exosmoso, and yet aggregation often follows from 

an immersion in water of between 16 hr«, and 24 hrs., and 



always after from 24 lii-s. to 48 brs. Still less probable is it 
that water at a temperature of from 125'^ to 130° Fahr. 
(5r- G to 54° '4 Cent.) should cause fluid to pass, not only 
irom the glands, but from all the cells of the tentacles down 
to their bases, so qiiickly that aggregation is induced within 
2 m* or 3 m. Another strong arguiuent against this view is, 
that^ after complete aggregation, tho spheres and oval masses 
of protoplasm float about in an abundant supply of thin, 
colourless fluid ; so that at least tho latter stages of the 
]>roces8 cannot bo due to the want of fluid to hold the proto- 
plasm in solution. There is still stronger evidence that 
aggregation is independent of secretion; for the papilla?, 
deacril>ed in the first chapter, ’with ’which the leaves are 
studded are not glandular, and do not secrete, yet they 
rapidly absorb cail>onate of ammonia or an infusion of raw 
meat, and their contents then quickly undergo aggregatiou, 
which afterwards spreads into the cells of the smToimding 
tissues. ^ \Ve shall hereafter gee that the purple fliiid within 
the sensitive filaments of Dion oca, which do not secrete, like- 
wise Undergoes aggregation from the action of a ’^veak solution 
of carbonate of ammonia. 



Tho process of aggregation is a ’vital ono; by which I 
mean that the contents of the cells must be alive aud 
uninjured to be thus aftectod, and they must be in an 
oxygenated condition for tho transmission of tho T>roceBS at 
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tlie proper rate. Some tentacles in a drop of water were 
strongly pressed beneath a slip of glasg; many of the cells 
were ruptnredi and pul]>y matter of a purple colour 
with granules of all sizes and shapes, exuded, but hardly 
any of the cells were completely emptied. I then added 
a minute drop of a solution of one part of carbonate of 
ammonia to 109 of water, and after 1 hr. examined the 
specimens. Here and there a few cells^ both in the glands 
and in the pedicels, had escaped being ruptured, and their 
contents were well aggregated into spheres which w^cre 
constantly changing their forms and positions, and a current 
could still he seen flowing along tho walls ; so that the 
protoplasm was alive. On the other hand, the exuded 
matter, which was now almost colourless instead of being 
purjde, did not exhibit a trace of aggregation. Xor was 
there a trace in the many cells which were ruptured, but 
which had not been completely emptied of their contente. 
Though I looked carefull}^ no signs of a current could bo 
seen within these ruptured cells. They had evidently been 
killed by the pressure ; and the matter which they still 
contained did not undergo aggregation any more than that 
which had exuded. In these specimens, as I may add, tho 
individuality of the life of each cell was well illiistrated, 

A full account will be given in the next chapter of the 
cflects of heat on the leaves, and I need here only state that 
leaves immersed for a short time in water at a temperature 
of 120^ Fahr. (48'^’ 8 Cent.), whieh, as w'e have seen, does not 
immediately induce aggregation, were then placed in a few 
drops of a strong solution of one part of carbonate of 
ammonia to 109 of ivater, and became finely aggregated. 
On the other hand, leaves, after an immersion in water at 
150* {65* '5 Cent.), on being placed in the same strong 
solution, did not undergo aggregation, the colls becoming 
filled with brownish, puljiy, or muddy matter. With leaves 
subjected to temperatures bet^veen these two extremes of 
120° and 150° Faht. {48* ‘8 and G5**5 Cent.), there wore 
gradations in the oompletenees of tho process j the former 
temperature not preventing aggregation from the subsequent 
action of carbonate of ammonia, the latter quite stopping it. 
Thus, leaves immersed in water, heated to 130° {54*'4 Cent.), 
and then in the solution, formed perfectly defined spheres, but 
these wore decidedly smaller than in ordinaiy^ cases. With 
other leaves heated to 140* (GO* Cent.), tho spheres were 

£ 
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estromely small, yet well defined, but many of the cells con. 
tained, in addition, some browTiish pulpy matter. In two 
cases of leaves heated to 145^ (02^* 7 Cent,), a few tentaeleg 
could bo found with some of their oells containing a fewminnte 
spheres i whilst the other cells and other whole tentacles 
included only the brownish, disintegrated or pulpy matter. 

Tho fluid within the csolls of the tentacles must he in an 
o^cygonated condition, in order that the force or inflnciieB 
which induces aggregation should be transmitted at the 
proper rate from cell to cell. A plant, with its roots in 
water, was left for 4o m. in a vessel containing 122 fluid oz. 
of carhonic acid. A leaf from this plant, and, for compaxiaon, 
one from ft fresh plant, were lx>tli immersed for 1 hr. in a 
rather strong solution of carbonate of ammonia. They were 
then compared, and certainly there was much less aggregation 
in the leaf which had been subjected to tho carbonic add 
than in the other. Another plant was exposed in tho same 
vessel for 2 hrs. to carbonic acid, and one of its leaves was 
then placed in a solution of one part of the carbonate to 437 
of water ; the glands were instantly blackened, showing that 
they had absorbed, and that their contents w^cro aggregated ; 
hut in the cells close beneath tlio glands there was no aggre- 
gation even after an interval of 3 hm. After 4 hrs, Ih ni, a 
few- minute spheres of protoplaeiu w^ere formed in these cells, 
but even after 5 brs* 30 m, tho aggregation did not estend 
down the pedicels for a length equal to that of the glands. 
After numberless trials with fresh leavea immersed iu a 
solution of this strength, I have never seen the aggregating 
action transmitted at nearly so slow a rate. Another plant 
was left for 2 hra. in carbonic acid, but was then expoaed for 
20 m. to the open air, during which time the leaves, being of 
a red colour, would have absorbed some oxygen. One of 
them, as w'cll as a fresh leaf for comparition, ’were now 
immersed in the same solution as before. The former were 
looked at repeatedly, and after an interval 65 m. a few 
spheres of protoplasm were first observed in the cells close 
beneath the glands, but only in two or three of thy longer 
tentacles. After 3 hr&. the aggregation had travelled do’i^n 
the pedicels of a few of the tentacles for a length equal to 
that of the glands. On the other hand, in the fresh leaf 
similarly treated, aggregation was plain in many of the 
tentocles after 15 m.; after 65 m. it had extended down the 
pedicels for four, five, or more times tho length of the glands j 
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and after 3 lira, the oolls of all the tentacles were affected for 
one- third or one half of their entire lengths, Henco there 
can bo no doubt that the exposure of leaves to carbonic acid 
cither stops for a time the process of aggregation, or checks 
the trans mission of the proper influence when the glands are 
fiul>sequCTitly excited by carbonate of amnionia- and this 
substance acts more promptly and energetically than any 
other. It IS known that the protoplasm of plants exhibits 
its spontaneous movements only as long as it is in an 
oxygenated condition ; and so it lb with the xvhite eorpnsoles of 
the blood, only as long as they recseive oxygen from the red 
eorj>nBcles ; * but the cases above given are eoinowhat different, 
as they relate to the delay in the generation or aggregation 
of the masses of the protoplasm by the exclusion of oxygen. 

Stimmary And ConduLding Memarls. — The process of aggre- 
gation is indejjcndent of the inflection of the tentacles and 
apparently of increased secretion from the glands. It 
commences within the glands, whether these have been 
directly excited, or indirectly by a etimnlus received from 
other glands. In both cases the process is transmitted from 
cell to cell down the whole length of the teutaclea, being 
arrested for a short time at each transverse partition. With 
pale-coloured leaves the first change which is perceptible, 
but only under a high power, is the appearance of^ the finest 
granules in the fluid within the cells, making it slightly 
cloudy. These granules booh aggregate into small globular 
masses, I have seen a cloud of this kind app^r in 10 s, 
after a drop of a solution of carbonate of ammonia had been 
given to a gland. With dark red leaves the first visible 
change often is the conversion of the outer layer of the fluid 
within the cells into bag-like masses. The aggregated 
musses, however they may have been developed, incossanpy 
change their forma and positions. They are not filled with 
fluid, hut are solid to their oentrea. Ultimately the colourie^ 
granules in the protoplasm which flows round the walls 
coalesce with the central spheres or masses ; but there is etm 
a current of limpid fluid flowing within the cells. As soon 
as the tentacles fully re-expand, the aggregated masses are 



* With septet to pknu, Sachs, ‘ Quarterly Journal of Microscopical 

* Traits de liot.,' 3rd edit., 1S74, Scicuce,' April 1674, p. l a &■ 

p. S&4. On blood cotpuscles, seo 



nilOSERA IIOTUNDIFOLIA. 




Il[, 



rocli&solvod, find th6 colls Ijccomc filled witli ficmo|^iioou 3 
purple fluid, as they were at first. The process of redissolu. 
tion commciices st tlie bases of the tentacles , thence pro, 
ceeding upwards to the glanda ; and| therefore, in a rcTcrsed 
direction to that of aggregation. 

Aggregation ia excited by tho moat diversificfl ciuees,^ 
by the glands being several times touched, — by the pressure 
of particles of any kind, and as these are Bnpported by the 
dense secretion, they can hardly press on the glands with the 
weight of a millionth of a grain,*— by the tentacles being 
cut off cloeo beneath the glands,— by the glands absorbing 
variong fluids or matter diseolved ont of certain bodies, -^hy 
exosmoBo,— and by a certain degree of heat. On the other 
hand, a temperature of about 150*^ Fahr. (G5°-5 Cent.) dcM^ 
not excite aggi-egatiou ; nor does the sudden crushing of a 
gland. If a cell is ruptured, neither the exuded matter nor 
that which still remains within the cell undergoes aggrega- 
tion Avhen carbonate of ammonia is added. A very strong 
solution of this salt and rather large bits of raw meat prevent 
the aggregated masses being well developed. From theee 
facts wo may conclude that the protoplasmic fluid within a 
cell does not become aggregated unless it be in a living state, 
and only imperfectly if the cell has been injured. \Ve have 
also seen that the fluid must be in an oxygenated state, 
in order that the process of aggregation should travel from 
cell to cell at the proper rate, 

Yarioufl nitrogenous organic fluids and salts of ammonia 
induce aggregation, but in different degrees and at ver 3 " 
different rates. Carbonate of ammonia is the most powerful 
of all known substanoes ■ the absorption of 
grain ("000482 mg.) by a gland suffices to cause all the cells 
of the same tentacle to become aggregated. The first effect 
of the carbonate and of certain other salts of ammonia, as well 
as of some other fluids, is the darkening or blackening of the 
glands. This follows even from long immersion in cold 



* According to Hofmeiat^r (ns 
quoted bj^Sachii, *Traitd da Bot,,’ 
I8i4, p, SJ58), vfriy slight pressure 
ott th« cell-tntinbrntie arrests imme- 
diately the movenieiits of the pro- 
toplasTii, and tven deteinqiuos its 
meparation from the waUb. But the 
process of aggregation is a different 



phebomgiton, as it relates to 
contents of the cells, ami ouly 
secondarily to the layer of protcplasiu 
which flows along the walla ^ though 
no doubt the cfTects of pressure or 
a touch on the outside must be trsos- 
initted through this layer. 
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tlistillod water. It apparently depends in chief part on 
the Btrong aggregation of their cell-con tenta, which thns 
become opaque and do not reflect light.* Some other fluids 
render the glands of a brighter rod ; whilst certain acids, 
though much diluted^ the poison of the cohra-snake^ dec., 
make the glands perfectly white and opaque - and this seems 
to deixjnd on the coagulation of their contents without any 
aggregation. Noyertheless, before being thus affected, they 
are able, at least in some casee, to excito aggregation in 
their own tentacles. 

That the central glands, if irritated, send centr if u gaily 
«ome influence to the exterior glands, causing them to send 
back a centripetal influence inducing aggregation, is perhaps 
the moat interesting fact given in this chapter. But the 
wliole process of aggregation i& in itself a atr iking pheno- 
menon, Whenever the peripheral extremity of a nerve i i 
touched or pressed, and a sensation is felt, it is believed that 
an invisible molecular change is sent tom one end of the 
nerve to the other i but when a gland of Drosera is repeatedly 
touched or gently pressed, we can actually see a molecular 
change proceeding fi om the gland down the tentacle ; though 
this change is probably of a very difibrent nature from that 
in a nerve, Tin ally as so many and such widely different 
causes excite aggregation, it would appear that the living 
matter within the glandn:!Olls is in so unstable a condition 
that almost any disturbance suffices to change its molecular 
nature, as in the case of certain chemical compounds. And 
this change in the glands, whether excited directly, or 
indirectly by a stimulus received from other glands, is 
transmitted from cell to cell, causing granules of protoplasm 
cither to be actually generated in the ]>reviou8ly limpid fluid 
or to coalesce and thus to become visible. 

Sitjfplcmeniarif Ohsermtions on Process of Aggregation 

in tU Boots of Plants. 

It will hereafter be seen that a weak Bolution of the ^rbonate of 
ammonia induces aggregation in the cells of the roots of Droscra ; ana 
ilii» led me to make a few trials on the roots of other plants. _ 
up in the latter part of October the first weed which I met with, viz. 



* (The woi-da which .... light ^ would probably hav^3 bflen omitted 
by the author in a second edition.— F. DJ 
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Enphorbia, verihtf, being careful not to injure tho roots ; these wens 
warfied and placed in a little solution of one part of carbonate cf 
ammonia to 140 cf water. In less than one ni mute I mw a cloud 
travelUng from cell to cell up the roots, wAh wonderful rapidity, 
After from 8 m. to 9 m. the fine gramiltiaj which caused this cloudy 
appearance, 'becaine ag^^egfited toward b the cs:trieTnitiea of the toota 
into quadrangular raasws of brown matter j and some of tlieRc hoou 
changed theii forniB and became aphericaL borne of the cells, how- 
ever remaiDcd unaffected. I repeated the expenment with another 
plant of the &ame species, but before i could get the specimen into 
focus under the raicro5coi>e, clouds of granules and quadrangular 
raasEcs of reddish and brown matter were formed and had nin far up 
all tho ro 4 >ts. A fresh root wm now left for 1& hrs. m a drachm of a 
ttoiutiou of one part of the carbonate to 437 of water, go that it re- 
ceived i of a grain, or 2 024 mg. When examined, the cells of all 
the roots throughout their wbelo length contained aggregated mosses 
of reddish and brown matter. Before making these experiments, 
ticveral roots were closely examined, and not a trnce of the cloudy 
appearance or of the grantilar masses could be seen in any of them. 
Boots were also immersed for 35 m* in a solution of one part of car- 
bonate of |x)tash to 218 of water \ but this aalt produced no effect. 

I may here add that thin elicra of the stem of the Euphorbia were 
placet! in the same solution, and the cells which were green instantly 
became cloudy, whilst others w’^hich were before colourless were clouded 
with bro^vn, owing to thu Ibrmation of numerous granules of this tint. 
I have also seen with various hinds of leaves, left for some tiniie in a 
solution of carbonate of ammonia, that the grains of chlorophyll ran 
together and partially coaJesceil; and this seems to be a form of 
agOTegation, 

Plants of duck-wced (Lcmna) were left for between 30 m* and 45 eQa 
in a solution of one part of this same salt to 148 of water, and three of 
their roots were then examined. In two of them, all tho cells which 
bad previously contained only limpid fluid now included little green 
spheres. Alter from hr. to 2 hra. similar spheres appnred in the 
cdU on the liorders of the leaves \ but w-hether the ammonia bad 
travelled up the roots or bad been directly absorbed by the leaves, 1 
^nnot say. As one species, Zemwa arrhiza^ produces no roofs, the 
latter alternative is jierhapB the moat probable. After about 2^ hrs. 
some of the littlo green spheres in tho roots were Ijrokcn up into small 
granules which exhibited Brownian movements. Some duck-weed 
way also left for 1 hr. 30 m. in a solution of one part of carbonate of 
j»tash to 21S of water, and no decided change could be jierceived in 
the cdla of the roots : but when the^e same Toota were placed for 25 m. 

in a solution of carbonate of ammonia of the same strength, little green 
spherea were formed. 



green marine alga was left for some time in this same aolutioii, 
doabtfiilly affectod. On tho other hand, a red inarino 
alga, with finely pmnaied fronds, was strongly affoctid. The contents 
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of the cells aggregated themselves into hroken rings, still of a red 
colour, which very slowly and slightly chaiiged their shapes, and the 
central sj.^aces within these rings became cloudy with red granular 
matter. The facts here given (whether they are new, I know not) 
indicate that interesting results would perhaps he gained by obBerving 
the action of various saline aolutiona and other fluids on the roots of 
plants.* 



*[Sec C. Darwin on Aotioa 
of Carbonate of Atmnoiiia on the 
Bootii of certain Plants : ” * Linn. So-c. 
Journal ’ (Bot.), vol, 18®2, p. 23S j 



also '^^The Action of Carbonate of 
Ammonia on ChlorophyU-bodiei: 
^Linrn Sec. Journal* (Bot.),voL ilx* 
1882, p. 262.— F. D.] 
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CHAPTER IV. 



The Effects of Heat on the Leaves. 

Natura cf the eiperimeiita— Effects of boiling water— Warm water can^ej 
rapiJ inflect ion— Wilier at a higher temperature does not cause immediate 
inflection, but does not kill the leaves, as shown by their aubs^uent 
re-expansion and by the aggregation of the protoplasm— A still higher 
teniiwmture kille the leaves and coagulates the albuminous contenta of the 
glands. 



In my observatiotifl on Broscra rotundifolia^ the Icavea seemcil 
to b© more quickly inflected over animal aubstances and tu 
remain inflected for a longer period during very warm than 
during cold weather. I wished, therefore, to a goer tain whether 
heat alone would induce inflection, and what temperature 
was the most efficient. Another interesting point presented 
itaelf, namely, at what degree life was extinguished ; for 
Drosera offers unusual facilities in this respect, not in the 
loss of the power of inflection, but in that of subsequent 
re-expansiou, and more especially in the failure of the protO’ 
plasm to become aggregated, when the leaves after being 
heated are immersed in a solution of carbonate of ammonia.^ 



* Wh*l\ my eiperimetits on the 
effects of hflat were made^ f was not 
aware that tho subjaot had been 
carefully inveatigated by several ob- 
Btrvers. tor instance, Sachs is enn- 
vinced (*Tralt6 de Rotan^ue; 1B74, 
pp. 772, 8.'>4} that the most different 
kinds of pUuts all perish if kept for 
10 m. in water at 45® to 46® Cent., or 
113® to L15® lahr. \ anj he concludes 
that thfl protoplastn within their cells 
always coagulates, if in a damp erudi- 
tion, at a temiwratDFe of between SO® 
and 60^ Cent, or 122® to 140® Fahr. 
Max Schultzfl stid Luhne (as (Quoted 
by Dr. Bastian in ‘Conternp. Review " 
1874, p. 523) found that the pro- 
toplasm of plant-calls^ with which 
they experimented, waa always killed 
and altered by a very brief exposure 



to a teimperatura of IISJ® Fahr. as 
a maxitnum.*’^ As. tny results are 
deduced from special phenomena, 
namely, the t^ubsequent agg+egfltiem 
of tlte protoplasm and there-expajisioii 
of the tea taclea, they seem to me worth 
giving. We shall find that Orosera 
resista heat aoiHewhat better thin 
most other plants. That there should 
be conslderabk differeuces iu. this re- 
spect is not surprising, considering 
that some low^ vegetable organisms 
grow in hot &priogj>— cases of which 
nave been collected by Trof. Wyman 
American Journal of Science,’ vol. 
xliv. ise7). Thus, Dr. Hooker found 
Lonferv* in water at 16S® Fahr. ] 
Humboldt, at 185® Fahr. e and Des- 
doixeaui, at 208® Fahr. 
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My experiments Trere tried in the following maniacr. Leaves were 
cut ofTj and tlus does not in the least interfere with their i>owers | for 
instance, three cut-off leaves, with bits of moat placed on Ihem, were 
kept iu a damp atmosphere, and after 23 hrs. closely embraced the 
meat both with their tentacles and blades; and the protctplasm within 
their cells was well aggregated. Three ounces of doubly diatillcd 
water was heated in a porcelain vesseh with a delicate therraorncter 
liaving along bulb obliquely suspended in it, llie water wa^ gradually 
raised to the required temi>erature by a spirit-lamp moved about under 
the vessel ; and in all cases the leaves were oontituialliy waved for 
some minutes close to t he bulb. They were then placed in cold water, 
or in a solution of carbonate of ammonia. In other cases they were 
left in the water, which had been raised to a certain temi^erature, until 
it cooled. Again, in other cases the leaves were suddenly plunged into 
water of a eertain temperature, and kept there for a si^cified time, 
Guisidering that the tentacles arc extremely delicate, and that their 
coats arc very thin, it seems scarcely possible that the fluid contents 
of their celts should not have been heated to within a degree or two of 
the tempieraturc of the Burrounding water. Anj"^ further precautions 
would, I tidnk, have been superfluous, a& the leaves from age or com 
stitutional causes differ slightly in their sensitivenesR to heat. 

It will be convenient first briefly to describe the effects of immersion 
for thirty seconds in boiling water. The leaves are rendered flaccid 
with their tentacles bowed biickwards, which, as we shall see in ft 
future chapter, is probably due to their outer surfaces retaining their 
elasticity for a longer period than their inner surfaces retaiu the jiower 
of contraction. 1 he purple fluid within the cells of the x^edicels is 
r#!ndered finely granular, but there is no true aggregation ; nor does 
this follow when the leaves are subsequently placed in a solution of 
carbonate of ammonia. But the most remarkable change ia that the 
glands become opaqwe and iitiiformlj'' white ; and this may be attri- 
buted to the coagulation of their albuminous contents* 

My first and preliminary experiment consisted in putting seven 
leaves in the fiarne vessel of i,vater, and warming it slowly up to the 
temi^erature of 110° Fahr. (43° ^3 Cent*); a leaf being taken out as 
soon as the temperature rose to 80'^ {2fi^'0 Cent.), another at S.V°, 
another at 00°, and so on. Each leaf when taken out, was placed in 
water at the temiwrature of my room, and the tentacles of all soon 
became slightly, though irregularly, inflected* They were now re- 
moved from the cold ivater and kept in damp air, with bits of meat 
placed on their discs. The leaf whicli had been exposed to the tem- 
lieraturc of 110° became in 15 m. greatly inflected ; and in 2 hrs. every 
single ten facie closely embraced the meat. So it was, but after rather 
longer intervals, with the six other leaves. It npj>cars, therefore, 
that the >variu bath had increased their sensitiveness w'hcn excited by 
meat. 

I next observed the degree of inflection which leaves underwent 
within stated ijeriode, whilat still immersed in warm water, kept oa 
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nearly aa possiblo at tho same temperature j but I will her© and ©Isg. 
whore give only n few of ths many trials made, A leaf was left for 
10 m, in water at lOO'^ (3 7*^ ‘7 Cent.), but no inti eet ion occurred. A 
second leaf, however, treated in the satno manner, had a few of its 
exterior tentacles very slightly inflected in 6 m., and several irregularly 
hut not closely inflected in 10 m. A third leaf, kejit in water at 105® 
to lOG"^ (40* '5 to Cent.), was very moderately inflecW in 6 m. 
A fourth leaf, in water at 110“^ (43°^ *3 Cent.), was somewhat inflected 
in 4 nu, and considerably so in from G m* to 7 m* 

Three leaves were placed in water w'hich was heated rather quickly 
and by the time the temperatnre rose to IIS"^ — 116'^ (46° ^1 to 46'^' 06 
Cent.), all three ivere Inflected. I then removed the lamp, and in a 
few minutes every single tentacle was closely inflected. The proto- 
plasm within the cells was not killed, for it was seen to be in distinct 
movement ; and the leaves, having been left in cold water for 20 hrs., 
re-expanded. Another leaf was immersed in water at 100® (37° ‘ j 
Cenh), which was raised to 120® (48® "8 Cent.) j and all the tentaclea, 
except tJje extreme mat^inal ones, soon became closely inflected, 'Fhe 
leaf was now placed in cold water, and in 7 hre. 30 m, it had partly, 
and in 10 hrs. fully, re-expanded. On the following morning It wae 
immersed in a weak solution of carbonate of ammonia, and the glands 
quickly became black, with strongly marked aggregation in the 
tentacles, showing that the protoplasm \vaa alive, and ttiat the glands 
had not lost their power of absorption. Another leaf was placed in 
wafer at 110® (43° ^3 Cent.) which was raised to 120® (48° '8 Cent); 

every tentacle, excepting one, was quickly and closely inflected. 
This leaf was now immersed in a few’ drops of a atrong solution of car- 
inate of ammonia (one part to 109 of water) ; in 10 m. all the glands 
became intensely black, and in 2 hrs. the nrotonlaam in nf 



We leam from these oases that a temperature of from 120“ 




of Carbon at© of ammonia. 
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to 125^^ (48° *8 to 51° "6 Cent) excites tlie tentacles intoquicfe 
movements but does not kill the leaves, as shown either by 
their Biibsetiuent re-expansion or by the aggregation of the 
protoplasm* We shall now see that a temperature of 130“^ 
(54'^ ‘4 Cent.) is too high to cause immediate inflection^ yet 
does not kill the leaves* 



Experiment 1. — A leaf was plunged, and. aa in all cases waved about 
for a few minutes, in water at 130“ (51° '4 Cent,), but there was no 
traco of inflection ; it was then placed in cold water, and after an 
interval of 15 ni. very slow movement was distinctly seen in a small 
mass of protoplasm in one of the cella of a tentacle-* Alter a few 
hours ft!i the tentacles and the blade hecame inflected. 

Experhjhent 2. — Another leaf was plunged into water at 130“ to 131* 
and as before, there was no inflection* After being kept in cold ^vatcr 
for an hour, it was. placed in the strong solution of ammonia, and in the 
course of 55 m. the tentacles were considerably inflected. The gbinda, 
w'hich before had been rendered of a brighter red, were now blackened* 
The protoiilaam in the cells of the tentacles was distinctly aggregated ; 
but tlie spheres were much smaller than thoao usually generated in 
unheated leaves when subjected to carbonate of ammonia, After an 
additional 3 hrs. all the tentacles, excepting six or seven, were closely 
inflected. 

Experiment 3, — A similar experiment to the last, with exactly the 
same results. 

Experiment 4. — A fine leaf waa placed in water at 100“ (37“' 7 
Cent*), w-hich was then raised to 145* (62* ' 7 Cent.). Soon after 
immei'sion, there \va&, as might have been esi)ected, strong inflection* 
The leaf was now removed and left in cold w^ater : but from having 
been cxposetl to bo high a temperature, it never re-expandcd. 

Experiment 5. — -Leaf immersed at 130° (64° ‘4 Cent.), and the winter 
raiso(.l to 145“ (63° *7 Cent,), there was no immediate inflection^ it 
^vaa then placed in cold w^ater, and after 1 hr* 30 m. some of the 
tentacles on one side became inflected. This leaf was now placed in 
the strong solution, and in 40 m* all the submarginal tentacles were 
well inflected, and the glands blackened. After an atlditional interval 
of 3 hrs. 4a m* all the tentacleB, except eight or ten, were closely 
inflected, with their cella exhibiting a slight degree of aggregation; 
hut the spheres of protoplasm iiverc very small, and the cells of tho 
exterior tentacles oontalned some pulpy or disintegrated brownish 
matter. 

E'xperin}je7iiA G ami 7, — ^Twm leaves were plunged la water at 135 



• Sachs states (^Traitd de Bo- w^re esposed for 1 m. in wat^r to a 

taniqu&,^ 1374, p. 355) that the temperature of 47* to 43° Cent., or 

movements of the protoplasm in the 117° to 119* Fahr. 
hairs of » Cucuibita ceased after they 
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(or‘^*2 Cent.) which was raiBfid to 1^5° (G2°' 7 Cent.) ; neither hccancie 
infiectodi One of thcsei howevcri after having beeri left for 31 in> 
LoU water^ exhibit ert soine slight Inflection^ which increased after an 
additional interval of 1 hr. 43 m., until all the ten tacks, except sixteeti 
or seventeen, were more or less inflected ^ but t ho leaf wa.s bo much 
injured tliat it never rc-expandeth Jhe other leaf, after having been 
left for half an hour in cold water, was put iuto tho strong solution, 
but no inflection euaued ; the glands, however, were blackened, and in 
some cells tliere was a little aggregation, the spheres of protoplasm 
being extremely small n in other cells, especially in the exterior 
tentacles, there was much greeniah-btown pulpy matter. 

Experiment 8.— A leal was plunged and waved about for a few 
miautea iu water at 140° (GO*" Cent.), and waa then left for half an 
hour in cold water, but there was no inflection. It was now placed in 
the strong solution, and after 2 hrs. 30 m. the inner submarginal 
tentacles were well inflected, with their glands blackened, and some 
imixjrfect aggregation in the cells of the ^)ediceis. Three or four of 
tho glands were spotted with the white porcelain-like structure, like 
that produced by boiling water. I have seen this result in no other 
instanca after an immersion of only a few minutes in water at ao low a 
lemi>erature as 140°, and in only one leaf out of four, after a similar 
immersion at a temperature of 145*" Fahr. On the other hand, with 
two leaves, one placed in water at 145® (62® '7 Cent.), and the other in 
water at 14tP (GO® Cent.), both being left therein until the water 
cooled, the glandn of both became ivhite and porcelain-iikc* So that 
the duration of the immersion is an importaut element in the 
result. 



iijrjjerfmewf 9. — A loaf was placed in water at 140® (60" Cent.), 
which was raised to 150° (65° *5 Cent.); there was no inflection; on 
the contrar;’', tbe outer tentacles were somewhat bow'ed backwards. 
The glands became like porcelain, but sojug of them were a little 
mettled with purple. The bases of the glands were often more 
affected than their suiiimits. This leaf having been left in the strong 
Bolution did not undergo any inflection or aggregation. 

10.— A leaf was plunged in water at 150® to 150*= 

; it became somewhat flaccid, with the outer tentacles 

slightly reflexed, and the inner ones a littlo bent inwards, hut only 

towards tips ; a^ this latter fact shows that tbe movement 

not one of true inflection, aa the hasal part alone noruiallj^ bends. The 

tentacles were usual rendered of a very bright red, with the glands 

almost white like porcelain, yet tinged with pink. I’he leaf having 

l^en placed m the strong soluiion, the cellnziontenta of the tentacles 

became of a muddy browi], with no trace of aggregation. 

lb— A leaf was immersed iu water at 145° (62°*7 

wd’ ' i‘ *** C«8'’-8Cent.). The tentsdes bt-canii! 

Si.i„ refleitd, witli almost all tho glands iiko 

SwhiVo Tl**". f w ‘hoEO near tho inargia 

•Ittite white. Ihe leaf homg pUeed as usual first iu cold water aad 
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tlicn in the strong solution j the cells lit the tentacles became of a 
muddy ^eenish brown, with the protoplasm not aggregated. Never- 
thelessi, four of the glands escaped being rendered like porcelain, and 
the pedicels of these glands were spirally curled, like a French horn, 
towards their upper ends ; but this can by no means be congidcred as a 
case of true inflection. Tho protoplasm ’^Pithin the cells of the twist&l 
IDortions was aggregated into distinct though eicessively minute purple 
spheres. This case shows clearly tliat the protoplasm, after having 
been exposed to a high tenij>eriiture for a few minutes, is capable of 
aggregation when alter wards subjected to the action of carbonate of 
ammonia, uakss the heat has been aufQcicnt to cause coagulation. 

Concludinj HeTnarks.—As tho hair-like tentucl^a are ex- 
tremely thin and ha^e delicate walle, and as the leaves were 
waved about for some minuteB close to the bulb of the 
thermometer, it fleems scarcely posBible that they should not 
have been raised very nearly to the temperature which the 
inetnimeiit indicated* From the eleven last observations we 
see that a temperature of 130^ {54°^ '4 Cent.) never causes; the 
immediate inflection of the tentacles, though a temperature 
from 120* to 125* (48*"8 to 51*' G Cent.) quickly produces 
this elfect. But the leaves are paralysed only for a time by 
a temperature of 130*, as afterwards^ whether left in simple 
water or in a solution of carbonate of ammonia, they become 
inflected and their protoplasm undergoes aggregation* This 
great difference in the effects of a higher and low'^er tempera- 
ture may he compared with that from immersion in strong 
and weak solutions of the salts of ammonia; for the former 
do not excite movement, whereas the latter act energetically. 
A temporary suspension of the power of movement duo to 
heat is called by Sachs* heat rigidity ; and this in the case 
of the sensitive plant (Mimosa) is induced by its exposure 
for a few miiiutcfi to humid air, raised to 120“ — 122“ Fahr., 
or 49* to 50“ Cent. It deserves notice that the leaves of 
Drosera, after T>eing immersed in water at 130“ Fahr., are 
excited into movement by a solution of the carbonate so 
strong that it would paralyeo ordinary leaves and cause no 
inflection. 

The exposure of the leaves for a few minutes evem to a 
temperature of 145* Fahr. (62“*7 Cent.) does not always kill 
them ; as, when afterwards left in cold water, or in a strong 
solution of carbonate of ammonia, tliey generally, though not 
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nlways, become inflected ; and the protoplasm within their 
cells undergoes aggregation^ though the sphorca thnw formed 
are extremely smalls with many of the cells partly filled 
with brownish muddy matter. In two instancea, when leaves 
'were inimereed in water, at a lower teTtiperature than 130^^ 
(54® '4 Cent.), which Tvas then raised to 145® (62® -7 Cent), 
they became during the earlier period of immersion inflected, 
but on being afterwards left in cold water were incapable of 
Tc-expansion. Exposure for a few miiiutes to a temperature 
of 145® sometimes cauees some few of tho more sensitive 
glands to be spectled with the porcelain-like appearance; 
and on one occasion this oocurred at a temperature of 140® 
(60° Cent.). On another occasion, w'hen a leaf w^as placed in 
w'ater at this temperature of only 140°, and left therein till 
tho 'water cooled, every gland became like porcelain, T,si- 
})ORurc for a feiv miimtcB to a temperature of 150® (6 5® "5 
Cent.) generally produces this effect, yet many glands retain 
a pinkish colour, and many present a speckled appearance. 
This high temperature never causes true inflection ; on the 
contrary, the teutaeles commonly become reflexed, tho’ugh to 
a less degree than w*hcn immersed in boiling water ; and this 
apparently is due to their passive power of elasticity. After 
exposure to a temperature of 150® Fahr., tho prohjplasm, if 
subsequently subjected to carlxinate of ammonia, instead of 
undergoing aggregation, is converted into disintegrated or 
pulpy discoloured matter. In short, the leaves are generally 
killed by this degree of heat; but owing to differences of 
ago or constitution, they vary somewhat in this respect. In 
one anomalous case, four out of the many glands on a leaf, 
which had been immensed in water raised to 156® (68° *8 
Cent.), escaped being rendered porcellanous ; * and the proto- 
plasm in the cells close beneath these glands underwent some 
slight, though imperfect, degree of aggregation. 

remarkable fact that the leaves of Jlrcwera 
roiundifoiiaj which flourishes on bleak upland moors through- 



* As th?f opacity and porcelain-like 
appearance of the gland B ia probably 
due to the coigulation of the albirnien 
I may add, on the authority of Dr! 
Bnrdon Sanderson, th^t albutnen 
coa^lates at about but, in 

presence of acids, the tempemturc 



of coagulation is kw^er. The learcs 
of Dros^ra contain an acid, and per- 
haps a difference in. the amount cap- 
tained may account for the slight 
differences in the results above re- 
corded. 
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out Great Britain, and exists (Hooker) within the Arctic 
Circle, sbould be able to withstand for oven a short time 
imuiersion in water heated to a temperature of 145°.* 

It may be worth adding that immersion in cold water does 
not cause any inflection : I suddenly placed four leayes, 
taken from plants which had boon kept for several days at a 
high temperatnre, generally about 75* Tabr. (23° ‘8 Cent.), 
in %vater at 45* (7* -2 Cent.), but they were hardly at all 
affected ; not bo mneh as some other leaves from the same 
plants, which were at the Bamo time immersed in water at 
75*i fur these became in a slight degree inflected. 



* It appears the coli-bloH>dfid 
animals ar&, as might have been, 
expected, far more sensitive to an 
iruTeasc of teinperatiire than ts 
Drosera. ThnSj ns I hear from Dr. 



Burdou Saneleraon, a frog begins to be 
distressed ill water at a temperature 
of only 85“ F ah r. At 95® the mnsc I es 
become rigid, and the Animal die* in a 
stiffened conditioti. 
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CHAPTER V. 



Till? Effects of Xon-nitjiogenolis and Nitrckienoitb Organic Fluids 

ON THE Leaves. 



Xon-nitrogflnoris fluids— S<>liitioui of gum axabic— Sugar— Starch— Diluted 
alcohol— OIiTe oil — Infusion and decoct ioD of tea— Nitrogenoua tluidu^ 
Jlillc— Urine— Li<iuid albumen— Infua ion of raw meat— Impute mucua^ 
Saliva— Solution of isinglass — Difference lO the action of these two sets 
of fluids — ^Decootiou of green peas — Decoction and iDfusiou of cabbige — 
Decoction of grass leaves. 



WnEN% in 1860, I first observetl Drosera, and was led to 
belie VO that tho leaves absorbed mitritiouw matter from the 
insecta which they captured, it seemed to me a good plan 
to make some prelim iuary trials with a few common fluidfl, 
containing and not containing nitrogonona matter : and the 
results are worth giving. 

In all the following cases a drop w^aa allowed to fall from 
tho same pointed instrument on the centre of the leaf; and 
by repeated trials one of these drops w'as ascertained to be on 
an average very nearly half a minim, or of a fluid ounce, 
or "02S5 cc. But these measurements obviously do not 
pretend to any strict accuracy; moreover, the drops of the 
viscid fluids were plainly larger than those of water. Only 
one leaf on the same plant was tried, and the pdauts wore 
collected fmm two distant localities. The experiments were 
made during August and Septemben In judging of the 
eifects, one caution is rLecesaary : if a drop of any adhesive 
fluid is placed on aa old or feeble leaf, tho glands of which 
have ceased to secrete copiously, the drop sometimes dries up, 
especially if the plant is kept in a room, and some of the 
central and snbmarginal tentacles are thus drawn together, 
givung to them the false appearance of having become 
inflcctod. This some times occurs with w^ater, as it is rendered 
adhesive by mingling ^rith the viadd secretion. Hence the 
only safe criterion, and to this alone I have trustetl, is the 
Ixinding inwards of tho exterior tentacles, which have not 
been touched by the fluid, or at most only at their bases. In 
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fliie case the movement is wholly due to the centTal glands 
liaving been Btimnlated by the fluids and transmitting a 
motor impiilse to the exterior tentacles. The blade of the 
leaf likewise often curves inwards, in the same manner as 
when an insect or bit of meat is placed on the disc* This 
latter movement is never caused^ as far as I have seen^ bv 
the mere drjdng up of an adhesive iinid and the consequent 
drawing together of the tentacles. 

First for the non -nitrogenous fluids* As a preliminaiy 
trial, drops of distilled water were placed on between thirty 
and forty leaves, and no effect whatever was produced ; 
nevertheless, in some other and rare cases, a few tentacles 
became for a short time inflected ; but this may have been 
caused by the glaudij having been accidentally touched in 
getting the leaves into a pro|xir position* That water should 
jiroduce no effect might have been anticipated, as otherwise 
the leaves would have been excited into movement by every 
shower of rain. 



Gum arable. — Solutions of four degrciee of strength wore made; one 
of six grains to the ounce cf water (out; jrart to 73); a second rather 
stronger, yet very thin ; a third modcra^ly thick, and a fourth so thick 
that it would only just drop from a ixjinted instrument. ThcEe were 
tried on fourtoen leaves; the drops being left on the discs from 24 hrs^. 
to 44 hrs. ; generally abesut 30 hrs. Inflection was never thus caused. 
It is necessary to try pure gum arable, for a friend tried a solution 
bought ready prepared, and this caused the tentacles to bend; 
but ho afterwards ascertained that it contained much animal matter, 
prol>ably glue. 

Su^ar . — Drops of a solution of white sugar of three strengths (tiie 
weakest containidg one part of sugar to 73 of watt;r) were left on 
fourteen leaves from 32 hrs. to 48 hrs, ; but no effect was produced. 

Starch . — A mixture about as thick as cream waa dropped on six 
leaves and left on them for 30 hrs,, no effect being produced. I am 
surprised at this fact, as I believe that the starch of commerce 
generally contains a trace of gluten, and this nitrogenous substance 
causes inflection, i\s we shall see in the next chapter. 

Diluted . — One part of alcohol was added to aeven of w ater, 
find the usual drops were placed on the discs of three leaves, No 
inflection ensued in the course of 48 hrs. To ascertain whetlier the<9c 
leaves had been at all injured, bits of meat were placed on them, and 
after 24 hrii, they were closely inflected* I also put drops of sherry- 
wiue on three otlier leaves ; no inflection w^aa caused, though two of 
ihem seemed somewhat injured. We shall hereafter see that cut-ofl 
leaves immersed in diluted alcohol of the above Htrength donot become 
inflected. 

F 



SIHUIHI 






niversity T_ibraries 




G6 



DROSKRA ROTUNDlFOLrA, 



[ClIAF. V, 

Oliv6 i)il — Oiups were placed ™ the tliscs of eleven Icavosj and no 
produociin fn.m 24 br.. to 48 hrs. 1 oyr „f th^ 
wore tlien tested by bits of meat on their discs, and threa of them were 
found after 24 hrs. with all tbeir tontaoles ami blades clofic jr inflected, 
whilst the fourth had only a few tentades mfloctod. It will, however, 
be aho^vn in a future place, that out-off leaves iraiaersed in olive oil 

are powerfully alfected. ^ * * r - 

Infusion and Decodim of Tea*— Drops of a strong mfuBion atd 

decoction, as well as of a rather weak decoction, of tea were placed on 
ten leaves none of whicli became inflected, i alterw'ards tested three 
of them by adding bits of meat to the dro^)^ which still remamed on 
their discs, and w^hen I e^tamined them after 24 hrs^ they were closely 
inflected, ' Tiie chemical principle of tea, namely theine, waJs 
subsequently tried and produced no effect The albuminous matter 
which the leaves must originally have contained, no doubt, had been 
rendered insoluble by their having been completely dried. 

AVe thus see that, excluding the experiments with water, 
sixty-one leaves w'ero tried with drops of the above-named 
non-nitrogenous fluids ; and the tentaclcfl wero not in a 
single case inflected. 

With respect to nitrogenoua fluids, the first which came to hand 
were tried. The exf»eriinenta were made at the same time and in 
exactly the same manner eis the foregoing. As it was immediately 
evident that these fluids produced a great effect, I neglected in most 
^ cases to record how soon the tentacles became inflected. But this 
always occurred in less than 24 hrs. \ whilst the drops of non- 
nitrogenous fluids which produced no effect were observei.1 in every casse 
during a considerably longer period. 

— Drops were placed on sixteen leaves, and the tentacles of all, 
as well as the blades of several, boon became greatly inflected. The 
periods were recorded in only three cases, namely, with leaver on 
which unusually small drops had been placed. Their tentacles were 
somewhat inflected in 45 rn. ; and after 7 hrs. 45 m. the blades of two 
were so much curved inwards that they formed little cups enclosing 
the drops, These leaves ro-expauded on the third day. On another 
occasion the blade of a leaf was much inflected in 5 hrs. after a drop of 
milk had been placed on it, 

IIuTnan LVme.— Drops were placed on twelve leaves, and the 
ten^lcs of all, with a single exception, became greatly inflected. 
Owing, 1 presume, to differences in the chemical nature of the urine 
on different occasions, the time required for the moveinenta of the 
tentacles varied much, but was always effected in under 24 hrs. In 
two instances I recorded that all the exterior tentacles were completely 
inflected m 1 1 hrs., but not the blade of the iicaf. In another case the 
edges of a leaf, after 2G hrs. tn., became so strongly inflected that it 
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was converted into a cup. The i»wcr of urine does not lie in tho 
urea, which, as we shall hereafter see, is !no].iGrative. 

Albumen (fresh from a hen*s egg), placed oa seven leaves, caused 
the tentacles of six of them to be well inflected. In one case the edge 
of the leaf itself became ranch curled in after 20 hrs, Ulie one leaf 
which was unalfccted remained eo for 26 hrs*, and was then trisUed 
with a drop of milk, and this caused the tentades to bend inwards in 
12 hrs. 

Cold Fill^red hf/usion ff Haw Meat — lliia was tried only on a 
siuglc leaf, which had most of its outer tentades and the blade inflected 
in l!i hrs. During subsoquent years I repeatedly used this infusion to 
test leaves which ha^l been exjjoriincntcd on with other suhstances^ and 
it was found to act most energetically, hut as no exact account of these 
trials was kept, they arc not here introduced. 

Mucus . — Thick and thin mucus from the bronchial tubes, placed on 
three leaves, caused inflection. A leaf with thin mucus had its 
tnai^icial tentacles and blade somewhat curved inwards in o hrs, m, 
and greatly so in 20 hra^ The action of, this fluid no doubt is due 
either to the saliva or to some ^albuminous matter* mingled w'ith it, 
and not, as ive shall see in the next chapter, to mucin or the chemical 
principle of mucus. 

5afira.— Human saliva, when evaporated, yieldsf from 1‘14 tc 
1'19 ])er cent, of residue ; and this yield* O' 25 ixt cent, of ashes, so 
tijftt the p^c^l>Cl^tion of nitrogenous matter ivhich saliva contains must 
be small. Nevertheless, drops placed on the discs of eight leaves acted 
on them all. In one case all the exterior tentacles, excepting nine, 
were inflected in 19 lirs. 30 m, j in another case a few became so in 2 
hrs.* and after 7 hrs. 30 m. all those situated near where the drop lay, 
as well aa the blade, ’were acted on, Since making tliese trials* 1 htiive 
many scores of times jtist touched the glands with the handle of my 



scalral wetted w^ith saliva, to ascertain whether a leaf in an active 



115C1 

condition 5 for this was shown in the course of a few minutes by the 



U'ndlng inwards of the tentacles. The cdtble nest of the Chinese 
swallow is formed of matter secreted by the salivary glands; two 
grains were added to one ounce of distilled water (one jiart to 218), 
which was boiled for several minutes, but did not dissolve the whole. 
Tlie usuahsized droji* were placed on three leaves, and these in 1 hr. 
30 m. w^ere well* and in 2 hrs. 16 m. closely, inflected. 

Isinglass * — Drops of a solution ai.K)Ut as thick as milk, and of a still 
thicker solution, were placed on eight leaves, and the tentacles of all 
became infieettd. In one case the exterior tentoclcfl were well curved 
in after 6 hrs. 30 m., and tJie blade of the leaf to a partial extent after 
24 hrs. As saliva acted so efficiently, and yet contains so small a 
proportion of nitrogenous matter* I tried liow small a quantity of 



* llucus from the air-passagea ia 
fljiid in Marshall, * Outlines of Fhysj- 
ologyf vel li. 18H7, p, 304, to contain 




BDine albumen. 

t Iduller^s ‘ Elements of Phyatobgj ,'^ 
Eng, Trans, vfh i. p. 514. 
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isiusliiBs wouli\ act. One jjart ivas cliswlvcil in 218 rarts of distillal 
Writer, and droins were placed on iour leavta. After 5 nrs. of tljcnu 
were oonakkrably and two moderately inflected ^ after -ti hra tin? 
fonncT were ereutW and tlic latter much more innccteuB In the oauri^^.! 
of 48 hrs. jroQi the time when the drops were jJaced on the leavefl, ah 
four had almost rc-espanded. Ihey were tlien ^i\en little bits ot 
meat, and these acted more poweifully than the soluuon One part of 
isim’^lafis was nest dissolved in 4-'^7 of water ; the liiiid thus formed 
Wsas^BO thin that it could not be distinguished from pure waters The 
iisuahsiKed drops were placed on. seven leaveSi each of which thus 
received of ^ of them were observeti for 

41 hrs,, but were in no way affected j the fourth end fifth had two or 
three of their exterior tentacles m fleeted after ^ 18 hrs. ; the sixth 
had a few more; and the seventh had in addition the edge of the 
leaf just perceptibly curved inwards. The tentacles of the four 
latter leaves bcgim to re-ex pand after an additional interval of only 
8 hrs. Hence the of a grain of iainglasa is snflicient to affect very 
slightly the more sensitive or active leaves. On one of the kavesj 
winch bad not been acti>l on by the weak solutloD, and on another, 
which had only tw'o of its tentacles inflected, drops of the poluiion a?i 
thick as milk were placed; and next morning, after m interval of It; 
lira., both w'erc found with all their teiitades strongly inflect e<1. 

Altogether I experimented on sixty-four leaves with the 
alxtve nitTOgenous fluids, the live leaves tried only with 
the extremely weak solution of isinglass not being included, 
uor the mimerons trials subsequently made, of whicli m> 
exact acscount Tivas kept. Of these sixty-four leaves, sixty- 
three had their tentacles and often their blades w ell inflected. 
The one which failed was proliably too old and torpid* But 
to obtain so large a proportion of successful cases, care must 
be taken to select young and active leaves. Leaves in this 
condition were chosen with equal care for the sixty-onc 
trials with non-nitrogenous fluids (water not included); 
and wo have seen that not one of these was in the least 
atiected. We may therefore safely conclude that in the 
sixty-four experiments with nitrogenous fluids the inflection 
of the exterior tentacles w^as due to the absorption of iiitro' 
genous matter by the glands of the tentacles on the disc. 

borne of the leaves which were not affected by the non- 
mtTOgenous fluids were, as above stated, immediately after- 
wards tested with bits of Jiieat, and were thus proved to be 
in an active condition* liut in addition to these trials, 
twenty-three of the leaves, with drops of gnin, syrup, or 
starch, still lying on their discs, wdiich had produced no effect 
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ui tlie course of l>etivoeii 24 Lrs, anti 4& tra., were then 
tested with, drops of milk, urine, or albumen* Of the twenty^ 
three leaves thus treated^ seyenteen liad their tentacles, and 
in some cases their hladefl, well inflected ; hut their powers 
wore I somewhat impaired, for the 'rate of movement was 
decidedly slower than when fresh, leaves were treated with 
those same nitrogonous fluids* This impairment, as well as 
the insoufiibility of six of the leaver, may bo attributed to 
injury from exosmoso, caused by the density of the fluids 
placed on tlioir discs* 

The results of a few other ex ].>eri meats witlt nitrogenous fluids 
may he here convenieutly given. Decoctions of some vegettibles 
known to be rich in nitrogen, were made, and these acted like animal 
fluids. Thus, a few yreea peas were boilod for some time iu diatiHeil 
Mater, and the moderately tiiick decoction thus made was allowed to 
settle* l)ro]>s of the suiierincumbent fluid were placed on four leaves, 
and when these were looked at after 16 hrs., the tentacles and blades 
ijf all were found stnrtigly inflectotl. 1 infer from a remark by 
Oerhardt* that kgumin is present in peas ** \ii combination with an 
alkali, forming an incoagulable aolution,” and this would mingle with 
iMtiliuiT water. I may mention, in relation to tlie alwve atid following 
cxpcrunetits, that according to Sc hi Iff certain forms of albumen exist 
which are not coagulated by boiling water, but arc converted into 
soluble ]>eptonc3. 

On three occasions chopped cablxige leaves t were boiled in distillctl 
water 1 hr. or for 11 hr. j and by decanting the decoction after it had 
Vrtjen allOAved to rest, a pule dirty green fluid was obtained. The usuaI- 
hi?.ed drops were placed on thirteen leaves. Their tentacles and blades 
were in fl ected after 4 hr s. to a C| ui te ex traoi diuary degree. M ext day the 
protoplasm within the cells of the teiitadea was found aggregated in 
the most strongly-iuarkcd manner. 1 also touclied the viscid secretion 
round the glands of several tentacles with minute drops of the 
decoction on the head of a small pin, and they became well inflected 
in a few minutes. The fluid proving so powerful, one part was 
dilated W'ith three of water, and droi>s wero placed on the discs of fivo 
leaves; and those next morning ivcre m nmch acted on that their 
blades were completely doubled over. We thus sec that a decoction 
of cabbage leaves is nearly or quite as j>i>tent as an in fusion of mw 
sneat* 



* Watte*^ ‘ Diet* of Ch&mistr^,' 
vok ill. p* S6&. 

t 1ft Vhv&. de Ift r>i- 

tom. i. p. 379; tom. ii* pp* 
D>6, ou legamin. 

* The leaves of j'oiing 



before the heart h formod, smeh ns 
were iiseil by me, contain 2'1 per 
cent, of albumiiioua mntter, ftod the 
outer kftvfijs of mature plant* l*ti 
per cLM]t. Watts' ‘ Diet, of Chemist ly, 
vol. i. p. G53. 
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About tlic game quantity of chopped cabbage leaves ami of JiatilteJ 
water as lu the last exjicriment^ were kept in a vesflol for 20 hna. in a 
hot cloBetj but not heated to near the builiiig pointy J )rops of this 
infusion were placed on four leaves. One of these^ af^r 23 hrs.^ wag 
much mflected ; second i^ligbtly; a third nsid the subTHEirgiiiai 

^ arhd tlic^ fcnirth wzih not at all iifiCLtficl-. *XhG povrcf 
of this infusion is therefore very much less than that of the decoction i 
and It i« clear that the imm/rsion of cabbage l^iyes for an hour in 
’vvater at the Imiling tempemture is much more clhcicnt in e.\tracting 
matter which excites Drosom than immci^ion during many hours in 
wann water. Perhaps tlie contents of the colls are protectetl (as 
SchiiT Tcraarks with respect to kgumin) by the walls being formed of 
cclluloae, and that until these are ruptured by boiling-water, but little 
of the contained albuminous matter ia di?solvcd- We know from 
the strong otlour of cooked cabbage leaves that boiling-’watcr produces 
some chemical change in tlieni, and that they arc thus rendered far 
more digcs^tible and nutritious to man. It is therefore an interesting 
fact that water at this tcmi^eraturo extracts matter from them which 
excites Drosera to an extraordinary degree. 

Grasses contain for less nitrogenous matter than doj>eas or cabbages, 
'file leaves and stalka of three common kinds were chopped and boded 
for some time in distiller! water. Drops of this decoction (sifter having 
stood for 24: hrg.) were placed on six leaves, and acted in a rather 
jieculiar manner, of which other instances will be given in the seventh 
chapter on the salts of ammonia. After 2 hrs. 30 m. four of the 
Idwes had their bladea greatly inflected, but not their exterior tentacle ; 
and so it was with all six leaves after 24 hr#«. Tw o days afterwards 
the blades, as well as the few^ submarginal tentacles which bad been 
inflected, all re-ex jianded ; and much of the fluid on their discs was by this 
time absorbed. It appears that the decoction strongly excitt'S the glands 
on the disc, causing the blade to be quickly and greatly inflected ' but 
that the fitimulus, differently from what occurs in ordinary Cftses, does 
not spread, or only in a feeble degree, to tho exterior tentacles. 

1 may iiiere add that one part of the extract of iMdladonna (procured 
from a druggist) was dissolved in 437 of water, and drops Tivere placed 
on six leaves, Next day all six were somewhat inflected, and after 
48 hrs. ivcro completely re-expanded. It w’as not the included 
atropine vrhich prcxiuced this effect, for I subsequently ascertain®! 
tliat it is quite jiowerless, I also procured some extract of hyoscyamus 
fnim three shops, and made infusions of the same strength as before. 
Of these three infusions, only one acted on some of the leaves^ which 
were trietl. Though druggists believe that all the albumen is precipi- 
tated in the prepiration of these drugs, X cannot doubt that some is 
occasionally retained ; and a trace would be suflicieut to excite the 
more sensitive leaves of Drosera. 
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CHAPTEE VT. 

The DiGEStiVJi Fowi^i^ of the SechetiOs of Drobeea. 

The secretion rendered acid by the direct and indirect escitement of the 
glands^Nature of the acid — Digestible substances — Albumen^ its diges- 
tion arrested by alkalies, rccoinmences by the addition of an acid — Meat 
^ — Fibrin — Sj^ntonin — Areolar tissue — Cartilage — Fibro-cartilage — Bone 
— Enamel and dentine — Phosphate of lime — Fibrous: bs,sis of tone— 
— ^Chondrin — !Milt, casein and cheese-— Gluten — Legumin — Pollen 

Globulin— Hfematin — Indigestibl# substances — Epidermic productions 

— Fihro-elastic tissue — Mucin — Pepsin — Uxca—Ohitinc — Cellulose — Gun- 
cotton — Chlorophyll — Fat and oil— Starch — Action of the secretion on 
living seeds — Sum in ary and concluding remarks. 

As ^vo bay© seen that nitrogonous fluidfs act verj' differ ^ 
cntly on tlio leaves of Drosera from non-nitrogcnous fluids, 
and as the leaves remain clasped for a much longer time 
over various organic bodies than over inorganic bodies, such 
as bits of glass, cinder, wood, &c., it becomes an interesting 
inquiry, whether they can only absorb matter already in 
solution, or render it soluble, — that is, hav© the power of 
digestion. We ahall immediately see that they certainly have 
this power, and that they act on albuminous com2>ounds in 
oj^clly the same manner as does the gastric juice of mam- 
mals ; the digested matter being afterwards absorbed. This 
fact, which will be clearly proved, is a wonderful one in the 
j)hy Biology of plants. I must her© state that I have been 
aided throughout all my later oiporiments by many valuable 
suggestions and assistance given me with the greatefit kind- 
ness by J>r. Burdon Sanderson. 

It may be w'oll to premise for the sake of any readier yvho 
knows nothing about the digestion of albummous compounds 
l>y animals tliat this is efleited by means of a ferment, 
pepsin, together with weak hydrochloric acid, though almost 
any acid will serve. Yet neither pepsin nor an acid by 
itself has any such power,* Wo have seen that when the 

* It appears bowevei’, accortling a rerj minute quantity of coagulat^ 
to Sebi If, and contrary to the Opinion albumen, Schiff, *Pliya. Ift Di- 
of anme physiologists, that weak hy- gfrStioPj* 18&7, tom. ii. p. 
drocliloric dissolrea, tbough slowly, 
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glimds of tho disc are excited 1>3^ tbe contact of any object, 
especially of one containing iiitrogenous iiiatter, the outer 
tenhicloH and often tho blado l>ecotn© iniiectcd ; the leaf 
being thus converted into a temporary enp or stomach, At 
the same time the discal glands secrete^ more cojiionsly, ami 
tho secretion becomes acid. Moreover, they transmit some 
influence to the glands of the exterior tentacles, causing 
them to pour forth a more copious sccretioii, which also 
becomes acid or more acid than it was before* 

Ah tliis result is an important one, I will give the evidence. 
The secretion of mauy glands on thirty leaves, which had 
not l>een in any way excited, was tested with litmus paper ; 
and the secretion of twenty- two of these leaves did not in 
the least affect the colour, whereas that of eight cansod an 
exceedingly feeble and sometimes doubtful tinge of red. 
Two otlier old leaves, however, w^hich appeared to have been 
inflected several times, acted much more decidedly ou the 
paper* Particles of clean glass Tvere then placed on five of 
the leaves, cubes of albumen on eix, and bits of raw meat on 
three, on none of which was the secretion at this time in the 
lecast acid. After an interval of 24 lirs., when almost all the 
tentacles on these fourteen leaves had become more or less 
inflected, I again tested the secretion, selecting glands which 
had not as yet reached tho centre ox touched any object, and 
it was now plainly acid. The degree of acidity of tho 
secretion varied somewhat on the glands of the samo leaf. 
On some leaves, a few tentacles did not, from some unknown 
cause, become inflected as often happens; and in five in- 
stances their secretion was found not to be in the least acid ; 
whilst tha secretion of the adjoining and inflected tentacles 
on the same leaf was decidedly acid. With leaves excited by 
particles of glass placed on the central glam Is, the secretion 



strongly acid than that poured forth from tho exterior 
UmtaclcB, which w^ere an yet only moderately inflectetl. 
\\ hen hits of alhumen (and this is naturally alkaline), or 
bits of meat were placed on the disc, the secretion collected 
beneath them was likewise strongly acid. As raw meat 



which collects on tho disc beneath tliem was niuoh more 




ing down of the protoplasmic: reti- 
culum of the giand-cd!.— F. D.] 
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inoifitcued witli water is slightly aoiJ, I compared its action 
on litmus paper before it waa placed on the leaYca, and 
afterward B when bathed in the secret ion j and there could 
not be the least doubt that the latter ivas very much more 
acid. I have indeed tried Imtidrods of times the state of the 
secretion on tho discs of leaves w'hich were iufiected over 
various objects, and never failed to find it acid. 'W^e may, 
therefore, conclude that the secretion from unexcited leaves, 
tliough extremely viscid, is not acid or only slightlj*' so, but 
that it boDomee acid, or m’uch more strongly so, after the 
tentacles have begun to l>end over any inorganic or organic 
object ; and still more etronglj' acid after the tentacles have 
len mined for some time closely clasped over any object, 

T may hero remind the reader that the secretion appears to 
lie to a certain extent antiseptic, as it cheeks the appearance 
of mould and infusoria, thus preventing for a time the 
discoloration and decay of such substances as the w'hite of an 
egg, clieeae, &c. It therefore acts like the gastric juice of 
the higher animals, ’ivhich is known to arrest putrefaction by 
destroying tho microzymes. 



As I was anxious to leam what acid* the secretion contained, l lri 
leaves were washed in distilled water, given ine hy Prof. Fiankland; 
hut the secretion is so viscid that it is scaredy possible to scrape or 
wash off the whole. The conditions were also unfavourable, as it was 
late in the year and tl^e leaves were small. Prof. F tank laud with 
^^reat kindnesfl undertook to test the fluid thus collected. The leaves 
were excited hy clean particles of glass placed on them 24 hra. 
previously. Mo" doubt much more add would have Iwen secreted had 
the leaves lieen excited hy animal matter, Imt this would have rendereil 
(lie analysts more difficult. I’rof. Fmnkland informs me that tho 
tluid contained no trace of hydrochloric, Rulphurie, tartaric, oxalic, or 
formic acids. This having been ascertaineth the remainder of the 
tluid was evaporated nearly to dTjuess, and acidified with sulphuric 
acid ; it then evolved volatile acid vaixmr, whidt was condensed and 



* Qftlessts Rfics and Will Bot. 
Zeitung,^ lJi75, p, 716) atiniulatcd the 
glands of Botne thnuAftnei Droseia 
|>lants with glass-dust and analyacd 
th« secretion ttiui prcMlnced, Th«y 
found n vaiiety of fiitty ncids |U'eseiit, 
ntnoiig which Formic acid wa^ recog- 
ni&ed with certainty, and Propionic 
and butyric aclia were suspected rrom 



the evidence nf the amelL Goriip 
and Will have shown that the neutral 
secretion of Nepenthes becomes power-* 
fully digestive when acidulated with 
formic acid (see ‘ Bot. Zeitung,* 1876, 
p. 476). It is therefore interesting 
to Knd this acid naturally present in 
the secretion of Droscra. — F.D.] 
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iligested with carbonate of silver, “llie weight of the silver salt thus 
prcdiiced was only '37 mtich too small a quantity for the accurate 
<letennination of the molecular weight of the acid. The ntunber 
obtained, however, corresponded nearly with that of pmpionic acid; 
and 1 believe that this, or a mijrture of acetic and but3^ic adds, were 
present in th& liquid. The acid doubtless belongs to the acetic or 
fatty aeries.” 

Prof. Prankland, as well aa his assistant, observed (and thia ig ^ti 
important fact) that the fluid, “when acidified with sulphuric add, 
en:jitted a powerful odour like that of iwpsin*” The leaves from which 
the secretion had bran washed were also sent to Prof, Frankland ; they 
were macerated for some hours, then acidified with sulphuric acid and 
distille<l, but no add passed over* Therefore the add which fre&h 
leaves contain, as shown by their discolouring litmus jiaper when 
crushed, must lie of a different nature from that present in the secretion. 
Nor was any odour of peiwin emitted by them. 

Although it has long ^en know^ii that pe]>sin, with acetic acid has 
the power of dfgeJsting albuminous coraiMunds, it apjxiared advisable 
to ascertain whether acetic acid could be replaced, without the loss of 
digestive jwwer, by the allied acids which are believed to occur iu the 
secretion of Droflera, namely, ijropionic, butyric, or valerianic. Dr* 
Burdoii Sanderson wjos so kind as to make for me the following es- 
jjerimentB, the results of which arc valuable, independently of the 
present inquiry. Prof. Frankland supplied the acids. 

“1, The purpose of the following experiments wa;» to determine the 
digestive activity of liquids rantaining pepsin, when acidulated with 
certain volaiile acids belonging to the acetic series, in comparifioii with 
liquids acidulated with hydrochloric add, in projxjrtion similar to that 
in which it exists in gastric juice. 

It has been determined empirically that the best resulls are 
obtained in artificial digestion when a liquid containing two j>cr 
thousand of hydrochloric acid gas by weight is tiseiL This corre- 
Brands to about b*2,'j cubic centimotres j)er litre of ordinary strong 
hydrochloric acid. The quantities of propionic, butyric, and valerianic 
acitw respectively which are required to neutralise as much base as 6"2o 

grammes 4 ‘04 of propionic acid, 4 '82 
ot butyric acid, and G 68 of valerianic acid* It was therefore judged 
ex^dient, m comparing the digestive powers of these acids with that 

them in these proportions. 

. ivQ undred cub. cenU of a liquid containing about 8 cub. 

*5 -M P extract of the mucous membrane of the stomach of 

prepared, 10 cub. cent of it 
were cTapcmtcd and dried at 110». This quantity yielded O'OOSl of 

1.'’^°^'*''™ 'J'ere taken which were severally 
in the nrom.ti * 7 propionic, butyric, and v’alerianic adds, 

tube, which was allowed to float in a water* bath, containing a tl«r- 
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Tnometcr which iDilicated a temperatTirc of 38° to 40° Cent. Into 
cadi, a quantity of unboiled fibrin was introduced, and the whole 
allowed to stand for four hour&, the temperEituie hein^ maintained 
during the whole time, and care being taken that each contained 
throughout an eicesa of fibrin. At the end of the period each liquid 
was filtered. Of the filtrate, which of course contained as much of the 
fibrin aa had been digested during the four hours, 10 cub. cent, wert: 
measured out and evaixiratecl, and dried at 1 10^ as before. The residues 
were resi>ec lively— 



"In the liquid containing hydrochloric acid O‘4O70 

propionic acid O' 0601 

butyric acid 0 ’1468 

valerianic acid 0’1254 



n 



H 
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Hence, deducting from each of these the above-mentioned residue, 
left when the digestive liquid itself was eviiporatcd, viz. O' 0031, we 
have. 

For propionic acid .. .. *. 0*0570 

butyric scid ., .* .. 0*1437 

valcriamo acid .. .. .. 0*1223 



a 






7J 



as compared with 0‘4048 for hydrochloric acid ; these several numberfl 
expressing the quantities of fibrin by weight digested in presence of 
equivalent quantities of the respective acids under identical conditions. 

"The results of the esiXTiment may be stated thug 100 repre- 
sent the digestive |iower of a liquid containing pepsin with the usual 
proportion of hydrochloric acid, 14*0, 35 '4, and 30 '2, will rcprm'iit 
reai'iectively the digestive powers of the three acid^ under investigation. 

“a. In a second exjwriment In which the procedure was in every 
rcsiKiCt the same, excepting that all the tulics were plunged into tlio 
same water-batiq and the residues dried at 115° C., the results were aa 
follows ! — 



" Quantity of fibrin dissolved in^ four hours by 10 cub. cent, of the 
liquid— 

" Propionic acid .. 0'0563 

Butyric acid .. .. .. 0*0835 

Valerianic acid .. O' 0615 



" The quantity digested by a similar liquid containing hydroclilorie 
acid was O' 3376. Hence, taking this ns 100, the following numbers 
represent the relative quantities digested by the other acids; 



" Propionic acid 
Butyric acid 



IG 



Valerianic add .. 

"6. A third ex]>erimenli of the ftamc kind gave : 



24-7 

lG-1 
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‘^Quantity of fibrin digested in faur hours by 10 cub, cent, of tiie 



** Conipariiigt as before, the three last nunibers the first taken 
as 100 the dicreative power of propionic acid is represented by 
that of butyrio acid by 35' 8 ; and that of valeriamc by 17 *a 

“The mean of these three sets of ob^icrvations (hydrocbloric acid 
Ixdng taken as 100) giFCs for 



“ 7, A further exiieriinent was made to ascertain whether the 
digestive activity of butyric acid (w'hich vra-s aeiected aa being 
apjiarcntly the most efficacious) w^as rclativelj^ greater at ordinary 
temperatures than at the temperature of the b(>ily. It was found that 
wliercas 10 cnb. cent, of a liquid containing the ordinary proix>rtion of 
hydrochloric acid digested O' 1311 gramme, n similar liquid prepared 
with butyric acid digested 0'0456 granimo of fibrin. 

“Hence, taking tlie quantities^ digested uitli liydrochloric acid at 
tlie temperature of the body as 100, we have the di«;estive power of 
hydrochloric acid at the temj>erature of 1G° to 18^ Cent, represeittcd 
by 44*0 ; that of butyric acid at the same temperature being 15 '().** 

Wo here see that at the lower of these two temjxjrAtures, liydro- 
chloric acid ivitli pepsin digests, within the same time, rather lees than 
half the quantity of fibrin compared with wliat it digests at the 
higher tern j>eratuTe : aiid thu power of butyric acid is reduced in the 
same proportion under eimilar conditions and temjxjratures. We liave 
also seen that butyric acid, which ia much more efficacious than 
propionic or valerianic acids* digests with pepsin at the higher tem^ 
peraturo less than a tliini of the fibrin which is. digested at the aamc 
temperature by h 3 'dTCKjhloric acid* 



1 will Tiow^ give in detail my experiments on the digestive 
power of the seeption of Drosern* dividing the substances 
tried into two series, namely those wdiich are digested more 
or less completely, and those which are not digested. ^S'e 
shall ]>re gently see that all these substances are acted on by 
he gastric juice of the higher animals in the same manlier* 
eg Ica^e to call attention to the esperinients under the 



liquid : 



Hydrochloric acul 
iTopionic acid . . 
Hiityric acid 
Valerian ic acid .* 




“ Propionic ncid 
Uuty ric acid 
Valerianic add ** 
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head albumen, ehowicg that the secretion loses ita power 
when neutralised by an alkali, and recovers it ivhen an acid 
is added. 

Suhfiidnces which are completely or Digested hy the 

Secretion of Drosera. 

Albumen . — After having tried various substances, Dr. Burdon 
Sanderson suggested to me the use of cubes of coagulated 
albumen or hard-boiled egg. I may premise that five culies 
of the same size as those used in the following experiments 
were placscd. for the sake of comparison at the same time on 
wot moss close to the plants of Drosera, Tiio weather was 
hot, and after four days some of tho cubes were discoloured 
and mouldy, ■with their angles a little rounded ; but they 
were not surrounded by a zt^Jio of transparent fluid as in the 
case of those undergoing digestion. Other cubes retained 
their angles and white colour. After eight days all were 
somewhat red need in size, discoloured, with their angles 
much rounded, Xeverthcless in four out of the flve speci- 
mens, the central parts w^ere still white and opaque. So 
that their state differed widely, m we shall see, from that of 
the cubes subjected to the action of the Eecretion, 

Experiment 1.— liather cubes of albumen were first tried; 

tliB tentacles were w ell inflected in 24 hra; after an additional day tbe 
angles of the cubes were dissolved aud Pounded j* hut the cubes were- 
too large, so that the leaves were injured, and after seven days one 
cUcti and the others %vere dying. Albumen -^yhich has been kept for 
four or five days, and wdiicb, it may bo presumed, has begun to decay 
slightly, seems to act more quickly than freshly boile^l eggs. As the 
latter were generally used, I often moistened them with a little saliva,, 
to make the tentacles close more quickly. 

Experiment 2. — A cube of of an inch (t.e, with each side of ali 

inch, or 2*64 mm,, iu lyngth) was placed on a leaf, aud after 50 hrs. it 
was converted into a spliere about of an inch (1'905 mui.) in 
diameter, surrounded by jicrfectly trausinrent fluid. After ten days 



* In all my mimerous ^iperi- 
m«nt3 on ths digeition of cubes of 
albunoen, the ajigtea- and edges were 
invariably first rounded* Kow, Schifl 
States Lemons Phys, de la Digestion,^ 
1367, tom. ii~ p. 1-49) that this is 



characteristic of the digestion of 
albumen by the gastric juice of 
animals. On the other Hand, he 
remarks, “ Ies dissolutions, eu chimie, 
out lieu sur surface des corps, 

ell contact avec Tagcnt disaolvaut* 
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tlifl kaf ro-ospanJed, biit there tvss etili left on the d^sc a ininut& hit 
of albumen now renderetl transparent* More albumen Lad been given 
to this kaf than could be dis^lved or digested * 

J^'spperfmcn^ 3.— Two cubes of albumen of ^ of an inch (1^27 mm.) 
were placed on two leaves. After 46 brs. every atom of one was dlsr- 
solved* and moet of the liquefied matter was absorbed* the fluid which 
remained bein^ in thisj as in all other cases, very acid and viscid. 
'Jlie other cube was acted on at a rather glower rate. 

Experiment 4, — Two cubes of albumen of the same size as the last 
were placed on two leaves* and were converted in 50 hrs. into two 
large drops of transparent finid ; but when these were removed front 
beneath. the inflec red tentacles, and viewed by reflected light under the 
microscope, fine streaks of white opaque matter could be seen in the 
one. And traces of similar streaks in the other. The drops ivere 
replaced on the leaves* wdiich re-espanded after 10 days ; and now 
nothing was left except a very little transparent acid fluid. 

Experiment 5. — This experiment w-as slightly varied* so that the 
albumen might be more quickly exposed to the action of the secretion. 
Two cubes, each of about of an inch (*635 mm*) were placed ou 
the same leaf, and two similar cubes on another leaf, llieBe wore 
examined after 21 hrs. 30 m.* and all four 'were found rounded. After 
46 hrs. the two cubes on the one kaf wore completely liquefleii, the 
fluid being I’lerfectly transparent j ou the other leaf some opaque w hitc 
streaks could still be seen in the midst of the fluid. After 72 hrs. 
these streaks disappeared* but there was still a little viscid fluid left 
on the disc j whereaii it was almost all absorbed on the first kaf* Both 
leaves avcto now heginning to re-cxpaiid. 



The best and almost solo test of the presence of some 
ferment analogous to pepsin in the Bocretion appeared to be 
to neutralise the acid of the secretion 'with an alkali, and to 
observe whether the pioceBS of digestion ceased; and then to 
add a little acid and observe whether the process recom- 
menced. This was done, and* as we shall see* with success, 
but it was necessary first to try two control esperimenta ; 
namely, whether the addition of miimte drops of water of the 
same size as those of the digsolved alkalies to ho nsed would 
stop the_ process of digestion ; and, secondly, whether minute 
drops of weak hydrochloric acid* of the same stren^tli and 
size as those to be used, would injure the leaves. The two 
following experiments were therefore tried 



*'‘>*'“1®'' "-ere put on three leares, 
and mimite drops of distilled w.^ter on tbo head of a i>in were added 
trvo or three times daily. These did not in tl.e least dday tL pmeel ; 
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foFj after lirs,, tlie cubes were comi^letely dissolved on aU three 
leaTcs. On the tliird day the leaves began to re-ex jiand, and on the 
fourth day all the fluid was absorbed* 

Experiment 7. — Stiiall eubesJ of albumen were put on two leavcfi* 
and inhmte drops of hydrochloric acid, of the strength of one |)art to 
437 of water, were added two or three times* This did not in the 
least delay, but seemetl rather to hasten, the process of digestion ; 
for eveiy trace of the albumen dmpi>eated in 24 hrs. 30 m. After 
three days the leaves partially re-exp>anded, and by this time almost 
all the viscid fluid ou their discs was absorbed. It is almost super* 
diious to state that cubes nf albumen of the same size as those above 
used, left for seven days in a little hydrochloric acid of the above 
strength, retained all their angles as [.erfect as ever. 

Experiment S. — Cubes of albumeEi (of of an inch, or 1"27 mm.) 
were placed on five leaves, and minute dro|]s of a solution of one ]>art 
of carbonate of so<la to 437 of water were added at intervals to three 
of them, and drops of carbonate of [lOtash, of the same strength to the 
other two* TJie drojis were given on the head of a ratlner large pin, 
and I ascertained that each was espial to about Jb of a minim (-(X>oG 
o.c*)s so that each contained only of a gram (*0135 mg,) of the 
alkali, This was not sufficient, for after 46 hrs. all five cubes were 
dissolved* 

Experiment 9. — The last ex[>eriment was rejxiated on four leaves, 
with this difference, that drops of the same solution of carbonate of 
soda were added rather oftener, as often as the secretion became acid, 
60 that it was much more eflbctually neutralised* And now after 24 
hrs, the angles of three of the cubes were not in the least rounded, 
those of the fourth beiTig bo in a very slight degree. Drops of 
extremely weak hydrochloric acid (viz. one part to 347 of water) were 
then added, just enough to neutraUi?e the alkali which was still present ; 
and now digestion immediately recommenced, so that after 23 hrs. 
30 m. three of the cubes were completely dissolved, whilst the fourth 
was converted into a minute sphere, surrounded by trausiiareiit fluid j 
and this sphere next day diisappeared. 

Experiment 10.^ — Stronger solutions of carbonate of seda and of 
potash were next used, viz. one part to 109 of water j and as the same- 
sized drO|i6 were given as before, each drop conhiined of a grain 

('0539 mg.) of either salt. Two cubes of albumen (each about of 
an inch, or '635 mm.) were placed on t lie same and two on another. 

I^ach leaf received, as soon as the secretion became slightly acid (and 
this occuiTcd four times within 24 hrs.), drops either of the soda or 
pota.sh, and the acid w'as thus cflectually neutralised. 1'he exiieriment 
now succeeded i^erftictly, for after 22 hrs* the angles of the cuties were 
aa sharp as they were at first, and wc know from experiment 5 that 
such small cubes w’^ould have been completely rounded within this time 
by the secretion in Its natural state. Ssome of the fluid was noiv 
removed with blotting-paper from the discs of the leaves, and rpinuto 
drops of hydrochloric acid of the Btrength of one part to 200 of water 



80 



J)J{OftKRA ROTUKDIFOLIA, 



[Cjluv \ 



wnfl Aciil of tliiK greater stneTigth was used as tho solutbijs 

of tho alkalies wero stronger. Tho proccfjs of digestion now com- 
jnencedj go that within 4B l 3 rs. from the time wlien the acid was given 
the four cnbcB were not only completely dissolved, but much of tin* 
liquefied albumen was abgorlwd. 

A'lrpen.fflCTii 11. — Thvoculies of albumen of an inch, or ”03:1 mm.) 

were placetl on tivo leaves, and were treated with a Ik alien as in the ][ut 
experimentt and with the game result ; for after 22 lirs. they had their 
angles perfectly sharp, showing that the digestive process had \ieen 
completely arrested. I then wished to ascert^ain what would be the 
effect of using stronger bydroehloric acid ; so I added minute dropg nf 
the strength of 1 per cent. Thig proved rather too strong, for after 4H 
hrs. from the time when the acid was added one cube was still almost 
perfect, and the other only very slightly rounded, and both weru 
stained slightly pink* This latter fact shows that the leaves were 
injured,* for during the normal process of digestion the albumen h 
not thus coloured, and we can thus understand why the cubes were 
not dissolved* 

From these experiments wo clearly see that the Beeretiou 
has tho power of dissolving albiimon, and wo further aeo 
that if an alkali is added, the process of digestion is stopped, 
hut immediately recommences as soon as tho alkali in 
neutralised hy w-eak hydrochloric acid* Even if I had trie<l 
no other experimcnt.e than these, they would have almost 
sufficed to prove that the glands of Drogera secrete some 
ferment analogous to p^epsin, which in presence of an acid 
gives to the secretion its power of diseolving albuminous 
compounds* 

Splinters of clean glass were scattered on a largo number 
of leaves, and these became moderately inflected. They 
iveie cut off and divided into three lota ; two of them, after 
being left for some time in a little distilled water, were 
strained, and some discoloured, viscid, slightly acid fluid was 
thus obtained. The third lot vvas well soaked in a few drops 
'^'^hich is well known to dissolvo pepsin. Cubes 
of albumen (J-^ of an inch) were now placod in the three 
fluids in watch-glasses, some of ivhich wore kept for several 
days at about 90° Fahr. (32° *2 Cent*), and others at tho 
temperature of my room ; but none of the cubes wenr 



P- 774), that cells which are 
killed by freezing, hy too ^eat heat, 



* Stchs remarkfl (‘Traite <le Bot.* 



by chemical agonta, allow all their 
colouring matter to escape Jotc the 
jiUTroundiiig water* 
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<lisfiolvcd, tlie angles Teniaining as sliarp m ever, Thie fs^ct 
probably indicates that the ferment is not secreted imtii the 
glands are excited by the absorption of a minute quantity of 
3 dread solnhle animal matter, — a conclusion wliich is "sup- 
]toTtcd by IV hat we Bhall hereafter see with respect bj Tliontea. 
i>r* Hooker likewise found that, although the fluid within 
the pitchers of Nepenthes posse sses extraordinary^ power of 
*<lige.stiou, yot wlien removed from the pitchers betbro they 
have been excited and placed in a vessel, it has no such 
|x>wer, although it is already acid ; and ive can account for 
this fact only on the supposition that tho ];troj>ot femient is 
not secreted until some exciting matter is absorbed.* 



* [With teganl to Drosem MeRsrs. 
liecs and Will (“B-ot, I87i^s 

13. 715) state that a glycerine eitntct 
’otiJrosera leaves iu a state of uncx- 
<ritcd Betretii'Hi, and faiTly free fj-oni 
insects, had uo digestive action, lint 
that the same extract, artificially acid- 
ulated, digested fibriti thoroughly 
■svell. 

The authors believe that the natu- 
ral acid of the glands was jiCBslLly 
ilcstioyed iu tixe process of ]>rejiaring 
theextract. No concilia ion can there- 
fore be drawn from their resnltii as 
tu the acidity of uneicited leaves. It 
is probable, however, judging from 
\'^on Got up*B work on Nc[tcnthes, that 
Droscra does not secrete tlie requiaitc 
^msouut of acid until it Ijoh been 
stimulated by the capture of insects, 
lieea and WilVs experiments are not 
quite conclusive ou this point, but 
they tend to show tijat what is want- 
ing in the secretion of uncs cited leaves 
is the acid, not the ferment. The ex- 
periments of Von Goi up and Will on 
Ne|jcnthes^ as given in tl^e * Hot. 
tuug,* 187^, p. 473,' do not confirm 
Hooker's results on Ne^.ienthes. The 
authors state tliat the secretion col- 
lected from pitchers which are free 
t'rom insects is 7k?u(raf, while the 
huid of pitchers which contain the 
remains of insects is distinctly acid. 
''I'he neutral secretion of the unexcited 
jiitcherfi Jins no digestive [Hiwer until 



it ii acidulated, whea it rapidly dis- 
solves iibrlD. 

It seems, therefore, that the analogy 
with uuimal digestion pointed out at 
p. lOG does not altogether hold good. 
For Schitf states that in the gastric 
juice produced by mechanical irrita- 
tion, the element absent is the fer- 
ment, not the acid. 

On the other hand an interesting 
point of resemblance of a difleretit 
kind h as been made out by Vines iu 
Ids jiaper on the digestive ferment of 
Nepenthes (‘Journal of the Linn. 



fioc.'' voL IV’. p. 427 also ‘Journal of 



Anatomy and Physiology/ series ii. 
vol. li. p. 124). 

The work w'as undertaken inde- 
pendently of Von tiorup and carried 
out by a different method, namely 
the preparation ofa glycerine extract. 
^'tnes having found that the extract 
was far less active than tho natural 
secret 5 on used by Voti Goru]>, was 
kd ti] an interesting explanation of 
tliEs fact by Ebstein and GriitznerV 
work on animal digestion. These 
writers shoiv that the glycerine ex- 
tract gains in digestive activity if It 
is prepared from mucous meniLrane 
previously treated with add- ’ 



Vines 



accordingly treated Nepenthes witii 
per cent acetic acid for ii4 hra. 



one 



previously to the preparation of the 
extract, and thus obtained glyceriiiu 
of mucJi greater peptic activity. Tina 
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On throe otlicT occasions oiglit loaves were strongly ex- 
cited with albiinieti moktetied with saliva; they were* then 
ent offi and allowed to soak ihr Bovoral hoiirw or for a whole 
tltiv ili a few’ drops of glycerine^ S^>I^e of this extract W'tifi. 
iiddetl to a little hydrodilorie acid of rarions stTcngtliB 
(generally one to 400 of water), and minute euhes of albn men 
Avere placed In tho iiiixtnie.^ In two ot these trials the 
cubes were not in the least ueted on ; but in the third the 
experiment avhs successful, hor iu a vessel containing two 
cubes, both Avere Tcduced in size in 3 hrs; and after 24 hrs. 
mere streaks of iindissolved allnimcn Avero left^ In a second 
vessel, containing tAA^o minute ragged bits of albumen, l>otli 
Avere likewise reduced in size in 3 hi s* and after 24 hrs. com- 
pletely disappeared. 1 then added a little Aveak liydro- 
chlcuic acid to Ixith vi;ssu1b, and placed fresh cubes of 
albumen in them ; but these Avere not acted on. This latter 
fact is iutelligible according to the high authority of 8chilf,’l' 
Avho has demonstrated, as he belicAnis, in opposition to the 
vieAv held by seme physiologists, that a cei taiu small amount 
of pepsin is destroyed during thu act of digestion. So that 
if my solution contained, as is probable, an extremely small 
amount of the ferment, this would liaA’C been consnmetl by 
the dissolntion of the cubes of albumen iirst given : none 
being left Avhen tho bydrochloiic acid AA-^as added. The 
destruction of the ferment during the process of digestion, or 
its absijrption after the albumen had been converted into a 
peiitone, Avill also account for only one out of the three latter 
sets of experiments having been success fnh 

of lioast MmL — Cubes of al>out of an inch 
(1’27 mm.) o| moderately rtiasted meat Avere placed on Iia'c 
leaves which became in 12 hrs. closely inflected. After 48 
hrs. I gentl}’^ opened one leaf, and the meat noAA'' consisted of 
a minute central sphere, partially digested and surrounded 
by a thick cnA'clopc of ti ansparent Adscid fluid. T'he Avholc, 



fact would lead as to fae1i«v^ that the 
let of secret ion ia Nejicuthes is pre- 
ceded by the priHluction of a mother 
subataace, or popaiuogen, from which 
the fermeDt is fom>ed by ac- 

tion ofaeid— jast as the pancreatic 
fcrmetit may, according to Heidenliaiti, 
be proiluced by the action of ncid on 
icymogen — 1\ ]>.] 



* As a control espcrimeiit. bits oi 
albumen were placeil in the ianur 
glyceriue AVJth hydrochloric acid »i' 
the same strength ; and the albumen. 
CIS niight have been expecteil, was 
Hot iti th& least R(lf‘cte<i after xw.' 
days. 

t * Lemons pbys. de la Digeiitieu/ 
18G7, torn, li, pp, 114-126. 
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’^vitllOut much disturbed, was lemovcd and placed 

TUidex the inicrtsftcope. In the central part the transverse 
striic on the muscular lit ires were quite distinct ; and it was 
interesting to observe how gradually they disappeared] when 
the same fibre was traced into the surrounding fluid . They 
disappeared l>y the strife being replaced by transverse lines 
formed of excessively minute dark pointy, which towards the 
exterior could be seen only under a very high poAver; and 
ultimately these points avci‘o lost. When I made these 
observations, I had not read Schitfs account* of the digestion 
of meat by gastric juice, and I did not understand the 
meaning of the dark points. But tliis ia explained in the 
following state rncufct and wo further see how closely similar 
is the j>roees3 of digestion by gastric juice and b^^ the. 
secretion of Drosera. 

“On a dit que Ic sue j^astriqup perdre it la fibre muficulaire 

Res striiifl transvprs^lefl, Aiiis^i tSnoncee, cette propoaition jx.mrrait 
donuer lieu it une eqxdvoipie, car ce qiu bc ptrd* CO ifest que 
cxtericur do la striatuvA et non lea c lemon ta anatomiquos qtd ia com- 
pofiont. Oil salt que ks strics qui donnent un ast>ect si caractcriatiquo 
a la fibre musculaire, sout le resultat do la juxtapeition ct du 
parallelisnic des corptiseulq-a dleraentairos, places, k diatancoa ^gales, dans 
rinteTieur des fibrillos contigui^. Or, dcs que Ic tissu connectif qni 
relic entro ellea hs li brides Element ai res vieut a se gonfler et i sc 
dtsiwudre, ct que lea fibrillca dles-memea sc dissTOUmt, cc iMirallehsme 
cRt ddt) Hit et Eivec lui raspect, le phenoinbtio optique des atries. Si, 
apr^ la fi^sagicgation dea fibres, on examine an njicroscope IcafibirUlea 
clcmentaircsr on distinglte encore tris-nettemeut a leur interieur les 
corpnsculcs, et on continue k lea voir, de plus en plus pales, jusqu'all 
moment oil les fibrilles elles-memee se liqllcfient et diaparaisseut dans 
le fine gastrique* Co qni conatitne la Etriature, proprement parler, 
nkst doDo pas detniit, avant la liquefaction de la fibre ebarnne ello- 
meine,” 

In the viscid fluid surrounding tho contra! sphere of 
undigested meat there were globules fat and little hits 
of fibro-elastic tissue ; neither of which were in the least 
digested. There were also little free parallelograms ot 
yellowish, highly translucent matter, ScMlf, in speaking oi 
the digestion of meat by gastric juice, alludes to such 
parallelogramK, and says : — 



* ‘ Ltf ons phya. d'C la Digest ion,,* 13t>7, tom. it, p 14s* 
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■“ Lo f5onfleni,cnt par lequel ccmiii^ncc Ja digestion de In viaE]d(i^ 
requite do ruction du sue gastrique acide sur Ic tissu oomiectif qui 
dissout d’abord, et qui, par sa UqMfetion, dcsagrc;;e les fibiiHea. 
Cellea-ci^BQ dissolvent cnsiiite cn grande partie, maia, avant de parser 
i\ Petal liquids, dies tendent h so briser cii lie tits fragments transver^ 
saux- Ijcs *■ scrwwff ^ de Bownianj qui ne sent autre ciirseque 

les produHa de cette division tranaversale des fibrilJes ^ 1 6 mental 
iwuvent etre prepares et isoles i\ Paide dn sue gastriquc,^pourvu qiPori 
ii’atteiid pis juaqu’i la liquefaction complete du miisdo*’’ 

After an interval of 72 Lrs., from the time when the five 
ciibea wore placed on the lea^ven, I opened the foTir rcTnaining 
ones. On nothing could be seen but little masses of 
transparent visoid fluid ; but when these were examined 
nnder a high power, fat-globules, bits of fibro-elastic tigsiio, 
and some few parallelograms of ear cons matter, could be 
distinguiBhed, but not a vestige of transverse striae. Ou 
the other two leaves there wore minute spheres of only 



Fibrin . — Bits of fibrin w^ere left in ivutor during four days, 
svhilat the following experiments were tried, but they ivere 
not in the least acted on. The fibrin which I first used w*aa 
not pure, and included dark particles : it had either not been 
well prepared or had subsequently undergone some change. 
Thin portions, about of an inch square, were placed on 
several leaves, and though the fibrin was soon liquefied, the 
whole was never dissolved. Smaller particles Avere then 
placed on four leaves, and minute drops of hydrochloric acid 
(one part to 437 of water) were added ^ this seemed to hasten 
the process of digestion* for on one leaf all was liquefied ami 
absoi’hod after 20 hrs. ; but on the three other leaves some 
undisaolvcd residue was left after 4S hrs. It is remarkable 
that in all the above and following experiments, as w^^ell as 
when much larger bits of fibrin were used, the leaves were 
very little excited ; and it was sometimes necessary to add 
a little saliva to induce complete inflection. The leaves, 
moreover, began to re-expand after only 48 hrs., whereas 
they would have remained inflected for a much longer time 
had insects, meat, cartilage, albumen, (fee., been placed ou 

+ l-L J-L ^ 



I tried some pure white fibrin, sent me by Br. 

liurdon Danderson. 



partially digested meat in the centre of much transparent 
fluid. 




CifAr. VI,] 



DIGESTION. 



S5 

Expcriimni E — I'wo isarticles, barely of an inch (1'27 mm.) 
square, were placod on opposite of the same leaf, One of tbeae 
did not excite the surrounding tentacles, and the gland on which it 
rested soon dried. The other jiarticle caused a few of the short adjoin- 
ing tentacles to be inflected, the more distant ones not being affected. 
After 24 hrs. both were aliiiostj ami after 72 lus^ completely, dis- 
solved. 

Ejcp^iment 2. — The same experiment with the Hame result, only 
one of the two bits of fibriiii exciting the short surrounding tentacles. 
This bit was so slowdy acted on that after a day 1 pushed it on to souie 
fresh glands. In three flays from the time when it was first placed on 
the loaf it waa completely dissolved. 

Exjmrirmnt 3. — Bits of fibrin of about the same size as before were 
]>laccd on the discs of tw’o leaves ^ these causcfi very little inflection in 
23 hrs» but after 4S hrs. Ixith were well clasped by tiie surroundiug 
short ten tacks, and after an additional 24 fire, were completely dis- 
solved. On the disc of one of these leaves much dear add fluid was 
left. 

Experiment 4*— Similar bits of fibrin were placet! on the discs of 
two leaves ; aa after 2 hrs. the glands seemed rather dry, they were 
freely moistened with saliva ; this soon caused utroug inflection both 
of the tentacles and blades, with copious secretion from the glands. 
In 18 hrs. tlie fibrin was completely liquefied, but undigested atoms 
still floated in the liquid; these, however, disap^warcHl in under two 
additional days. 

From these experiments it is clear that the secretion 
completely dis£n:]lve& pure fibrin. 'The rate of dissolution 
is rather slow; but this depends merely on this substance 
not exciting the IcaTcfl eufficiontly, so that only the 
immediately adjoining tentacles are inflected, and the 
supply of secretion is small. 

Syntonui. — This substance, extracted from muscle, was 
kindly prepared for me by Dr. Very differently 

from fibrin, it acts quickly and energetically. Sinull portions 
placed on the discs of three leaves caused their tentacles and 
blades to be strongly infiected within 8 hrs. ; but no further 
obser\mtions were made. It is probably due to the presence 
of this substance that raw meat is too po’werful a stimulant, 
often injuring or even killing the leaves. 

Areolar TtuBue. — Small portions of this tissue from a sheep 
were 4 >laced on the discs of three leaves ; these became 



* [These results carntot be coDsiJejeil trustworthy; it npprears thcit the 
Hyotcuin prepured by the late Div was Ihr frum pure, — F. D.] 
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)iiod6nitely iu -"i TiJitt begaii to le-oj^paiji;] 

after 48 brs., and ^vero fully ro-expanded iu 72 hrs-, always 
reclcouiug frorti tli6 time ’vvlioii tho bits ivore first given. Tliih 
substance, therefore^ like fibrin, excites tlio leaves for only a 
short time* The Te»idue left ou the leaves, after they were 
fully re^expanded, was examined under a high power anti 
found much altered, but, owing to the presence of a nuaiitity 
of elastic tissue, which is never acted on, could lianlly be 
said to he in a liquefied condition* 

Some areolar tissue free from elastic tissue was next 
procured from the visceral cavity of a toad, and moderately 
sized, as well aw very small, bits were placed on five leaves. 
After 24 hrs. tivo of the hits were completely liquefied ; two 
others were rendered transparent, but not quite liquefied ; 
whilst the fifth was but little afiected* Several glands on the 
three latter leaves were now moistened with a little saliva, 
Tvhich soon caused uiuch inflectiou and secretion, with the 
result that iu the course of 12 additional hrs. one leaf alone 
show^ed a remnant of undigested tissue* On the discs of the 
four other leaves (to one of which a rather largo bit had 
been given) nothing w'as left except some transparent viscid 
fluid. I may add that some of this tissue included poinfjs of 
black ])igment, and these ■were not at all affected. As a 
control experiment, small portions of thiti tissue were left iu 
^vater and on wet moss for the same length of time, and 
remained white and opaque, h’rom these facts it is clear 
that areolar tissue is easily and quickly digested by the 
secretion j but that it does not greatly excite the leaves. 

Cartilage . — Three cubes (^(j^ of an inch or 1‘27 mm.) of 
whitej tranalucont, extremely tough cartilage were ciit from 
the end of a slightly roasted leg-bone of a sheep* These 
were placed on three leaves, borne by poor, sinall plants in 
my greenhouse during Xovembor ; and it seemed in the 
highest degree improbable that so hard a substance woiiM he 
digested under such unfavourable circumstances. Xeverthc- 
less, after 48 hts., tho eulxis were largely dissolved and 
converted into minute spheres, surrounded by transparent, 
very acid fiuid« dw'o of these spheres w'ere completely 
softened to their centres ; whilst the third still contained a 
very small irregularly shaped core of solid cartilage. Their 
surtao^ were seen under tho microscope to be cuiiously 
marked by prominent ridges, showing that the cartilage had 
been unequally corroded by the accretion. I need hardly say 
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that cubes of tlio same cartilage, kept in ^^-ater for the same 
length of time, were not io the least affected. 

During a more favourable season, moderately si7.ed bits of 
the skinned ear of a oat, which includes cartilage, areolar 
and elastic tissue, were placed on three leaves. Some of tho 
glands were touched with saliva, which caused j>roTnpt in- 
ti cction. Two of the leaves l^egan to re-expand after throe 
days, and the thirtl on tho fifth day. The fluid residue left on 
their discs was now examined, and consisted in one ease of 
|>crfectly transparent, viscid matter ; in the other two cases, 
it contained some elastic tissue and apparently remnants of 
lialf digested areolar tissue. 

Fihvo-Cartihige (from between the vertebrae of the tail of a 
sheep), iiioderately sized and small bits (tho latter al>out 
of an inch) were placed on nine leaves. Some of these 
were well and some very little inflected. In the latter case 
the hits were dragged over the discs, so that they ^^cr(i well 
bedaubed with the secretion, and many glands thus irritated. 
All the leaves re-expanded after only two days ; so that they 
were but little excited by this substance. I'ho bits were not 
liquefied, but were certainly in an altered condition, being 
swollen, much more transp^irent, and so tender as to digin- 
tegiate very easily. Jly son Francis prepared some artificial 
gastric juice, which was proved efficient by quickly dis- 
solving fibrin, and suspended portions of the fibro-eartilage 
in it. These swelled and became hyaline, exactly like those 
cx]>oaed to the secretion of Drosera, but w'ere not dissolved. 
This result surprised mo much, as two physiologists were of 
opinion that fibro-cartilago would bo easily digested by 
gastric juice. 1 therefore asked Ur. Ixlein to examine the 
Kpeciniens; and ho reports that tho two which had been 
subjected to artificial gastric juice were ** in that state of 
digestion in which wo find eonnective tissue when treated 
with an acid, via. swollen, more or leas hyaline, the fibrillar 
bundles Imviiig become homogeneous and loat their fibrillar 
structure/* In the specimeus which liad been left on tho 
leaves of Drosera, until the}* re-expaiided, “parts >vero 
filtered, though only slightly so, in the same manner those 
subjected to the gastric juice, as they had becomo more 
transparent, almoat hyaline, w'ith the fibrillation of the 
l>uudIos indistinct.” Fibro-cartilago ia therefore acted on in 
nearly the same manner liy gastric juice- and by tho secretion 
of Drosera. 
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SiiiaU siuootli bits of the dried lijoidal l>oiie of » 
fowl TnoisteuGd witli sfiliva woro placed on two leaves^ mid a 
similarly moistcsned sjili liter of fvri cxtronioly luinb broiled 
nmttou-chop bone on a third leaf. I’liese leaves soon became 
atrongly inllocted^ and xcuiiaiiied so for an Tiin usual leiigtli of 
time y iianielyj one leaf for ten and the other two for nine 
days. The bits of bone were surronndcd all the tiuio by acid 
secretion. When eKamined under a weak power, they were 
found quite softened, so that they were readily penetrated by 
a blunt needle, torn into fibres, or compre&ae<l. Dr. Klein 
w’as so kind as to make sections of both bones and examlno 
them* Ho infonua mo that both presented the normal 
appearance of decalcified bone, with traces of the earthy 
salts occasionally left. The corpuscles with their i>rocess4; 
were very distinct in most parte ; Imt in some parts, 
especially nem* the periphery of the hyoidal bone, none oouUl 
be seen. Other parts again appeared amorphous, with even 
the longitudinal stria tiou of bime not dicstingnisliable. This 
amorphous structure, aa Dr. Klein thinks, may be the rceiilt 
either of the incipient digestion of the librous basis or of all 
the earthy matter having beeu removed, the corpuscles being 
thus rendered invisible. A hard, brittle, yellowish substance 
occupied the position of the medulla in the fragments of the 
hyoidal bone. 

As the angles and little projections of the fibrous basis 
were not in the least rounded or eorroded, two of the bits 
were placed on fresh leaves. These by the next morning 
were closely inflected, and remained so, — tho one for six and 
the other for seven days, — therefore for not bo long a time as 
on tho first occasion, but for a much longer time than ever 
occurs wdth leaves inflected over inorganic or even over many 
organic bodies. The secretion during the whole time 
coloured litmus paper of a. bright red; but this may have 
been due to the presence of the acid superphosphate of lime. 
M hen the leaves re^expanded, the angles and projections of 
the fibr{3ua basis were as sharp as ever. I therefore coU’ 
eluded, falsely, as n^e shall presently see, that the secrctioni 
cannot touch the fibrous basis of bone. The more 2 ?irobablc 
explanation is that the acid was all consumed in decomposing 
the phosphate of lime which still remained ; so that none was. 

state to act in conjimction with the ferment 
on tbe ntiroufi basis. 

i’namci and Dentine. M t],e secretion dccalt-ifled oraiiiaiv 
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lioiie* I ^^efermiTied to tiy whether it Tvoiild act on enamel 
and dentine* but did not expect that it would Bncceed with 
fio hard a sulffitance as enameb Dr. Klein gave me some thin 
transverse elicee of the canine tooth of a dog; email angular 
fragmente of ’wliich were placed on four leaves ; and these- 
were examined each snccceding day at the same hour. The 
results are^ I tliiiih, Avorth giving in detail. 

Experhmni 1. — Mjiy 1st, fragment placed on leaf; 3rd, tentacles 
but little injected, so a little s^diva was added ; Gtb, as tbe tcntacks 
wore not strongly inflected, the fragment was transferred to another 
leaf, which acted at first siow]y, but by the 9tli cloely embraced itv 
On the llth this second leaf began to re-extiaud ; tlie fragment was 
iiiauifestly softened, and Dr. Klein reports, ‘‘a great deal of enamel 
and the greattr jiart of the dentine decalc ificii.’’ 

Exjjerimetit 2. — ^fay Ist, fragment jilaccd on leaf ; 2nd, tentacles 
fairly well inflected, with much secretion on tlie tiisc, and remained 
until the Ttli, when the leaf rc-expaiided. The Iragment was no^v 
transferred to a fresh leaf, whicli next day (8th) was inflected in tlic 
Ktrongf^st manner, and thus remained until the llth* when it re- 
expanded. Div Klein rei>or(:3, “ a great deal of coamcl and the greater 
]iart of the dentine decalcified.” 

jLX})€rimtnt 3. — May 1st, fragment moiatened with f^aliva and placed 
on a Icrif, which remained well inflected until 5th, ivhcn it re-expanded. 
The enamel was not at all, and the dentine only slightly, softened. 
I'he fragnient w^as now transferred to a fresh leaf, which next morning 
(dth) IV 318 strongly inflected, and remained so until the llth. Tiio 
enamel and dentine both now soineivliat softened ; and Dr. Klein 
Imports, “less than half the enamel, but the greater [lart of tlie deutinc 
dtcalcifled.” 

L'xperimeni 4. — May 1st, a minute and thin bit of dentine, mois- 
tened with salivii, was placed on a leaf, which was goon inflected, and 
rc-^xpaiided on the oth. Tlie dentine had become as flexible as tliin 
jiaj^r. It was then transferred to a fresii leaf, wfluch next morniuK 
(Otb) was strongly inflected, and reopened on the lOch. The decjilci- 
tied dentine ivaa now so tender that it ivas torn into shreds meiely by 
the force of the re-t^xpaiiding teutacka. 

From these experiments it appears that enamel is attacked 
hy the secretion with more diflflculty than dentine, as might 
have been expected from its extreme hardnesa ; and hotlt 
with more difficulty than ordinary hone. After the process 
of dissolution has onco commenced, it is carried on with 
greater ease ; this may he inferred from the leaves, to which 
the fragments were transferred, becoming in all four eases 
strongly inflected in the course of a single Jay'j whereas the 
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lirst sot of leaves acted iiiueli less cjuicklj and eiici^oticEilly, 
'I'hc angles or projoctions of tlie fil^rous busiB of tiie ctiamel 
and dontine (except, }>crb!i|:»St in 4, ‘vvliich could not bo 
well observed) were not in the least rounded; and Ur. Klein 
lemiirks that their Jiiicroseopical stmeturo was not altered. 
Uut this could not have been expected, as the decaleific£ition 
was not complete in the three fipecimenfi which ’were carefully 

oxainined. i i i , 

Fibrous Bash of Bone.—l at hret concluded, as already 

stated, that tho secretion could not digest this substance* X 
therefore aaked Dr. Burden Bandeison to try bone, euaniel, 
and dentine, in artificial gastric juice, and ho found that they 
were after a considerable time complotely dissolved, lir* 
Klein examined some of tlie small lamella?, into %vMch part of 
the skidl of a cat became broken up after about a ’^veek’s iei- 
metsion in tho fluid, and he found ttiat towards tho edges the 
-^'matrix appeared rarilied, thus producing the appearance as 
if the eanaliculi of the hono-corpnscles had hocome larger. 
Otherwise the corpuscles and their eanaliculi were very 
distinct*” So that with bouo Bubjeoted to artificial gastric 
piico complete decalcification precedes tho dissolution of the 
fibrems basis* Dr* Burden Sanderson suggested to me that 
the failure of Drosera to digest the fibrous basifl of bone, 
enamel, and dontlno, might be duo to the acid being con- 
sumed in tho decompositiiui of tho earthy salts, so that there 
■was none loft for the w ork of digestion. Acoordingly, iny 
son thoroughly decaleified tho bono of a sheep ’^vitli w eak 
hydrochloric acid ; and seven minute fragments of the fi.brous 
basis were placed on so many leaves, four of the fragments 
being first damped w ith saliva to aid prompt iiifieetion. ^^11 
so’veii leaves Lccamo Infieetcd, hut oiilv very moderately, iu 
the course of a day* They quickly began to rc-expiind ; five 
of them on tho second day, and tlio other two on the third 
day* On all seven leaves tho fibrous tissue was converted 
into perfectly transparent, viscid, more or less liquefied little 
masses. In the middle, ho'wcver, of one, my sou saw' luider 
a high power a fe-w cor]>UB<des, with traces of fibrillation in 
the surruunding transparent matter. From these facts it is 
cletir that the leaves are very little excited by the fibrous 
basis of bone, but that tho Kecretion easily and quickly 
liquefies it, if thoroughly decalcified. The "glands which 
k^d remained iu contact for two or three days wdth the 
viscid mosses ’were not discoloured, and apparently had 
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absorbed littlt! of the liquefied tissue^ or hud been little 
aftected bv it» 

Mf 



Phosphate of Lime . — As ive have seen that the tentacles of 
the first set of leaves remained clasped for nino or ten ilays 
over minute firigmonts of bone, and tiio tentacles of the 
second set for six or seven days over the same fra foments, 1 
'vvas led to suppose that it was the |diosphato of lime, and 
not any included animal matter, -which caused such ‘long’ 
continued inflection. It is at least certain from what has 
just been shown that this cannot have been due to the 
j treseuee of the fibrous basis, ^Vith enamel and dentine (the 
Jbrmor of wliich contains only 4 per cent, of organic matter) 
the tentacles of t^vo successive setsofleavesTemaiued inflected 
altogether for eleven days. In order t^j test niy belief in the 
potency of phosphate of lime, I procured some from IVof. 
Frank] and absolutely free tyf animal matter and of any 
acid. A small <juantity moistened with water w-as placed on 
the discs of two leaves. One of these was oidy slightly 
aftected ; the otlior remained closely inflected for ten days, 
when It few of the tentacles began to re-ex pa nd, tlie rest 
being mu eh injured or killed. I repeated the experiment, 
but moistened the ijhoephate wdth saliva, to insure prompt 
inflection; one leaf remained inflected for six days (thelittlo 
saliva used would not have acted for nearly so long a time) 
and then died; the other leaf tried to re-expan d on the sixth 



Although the quantity of phosphate given to tlio above four 
leaves w^as extremely small, much w\is left in every case 
undissolved* A larger quantity wetted with w-ater was next 
placed on the disc of three leaves ; and these became most 
strongly inflected in the course of 24 hrs, They Tiever re- 
expanded ; on the fourth day they looked sickly, and on the 
sixth were almost deanl. Large drojjs of not vgtj viscid fluid 
hung from their edges during the six daj^s. This fluid wuis 
tested each day w'ith litmus pa]>er, but never coloured it; 
and this circumstance 1 do not understand, as the super- 
phosphate of litiic is acid. I suppose that some supeiqihoB- 
pLate must have been formed by the acid of the secre- 
tion acting on the phosphate, but "that it w^as all absorbed 
and injured the leaves; the large dn)ps wdiicli hung from 
their edges being an abnormal and dropsical secretion* 
Anyhow, it is manifest that the pho&pliate of lime is a most 
2 jowerful stimulant* Even small doses are more or less 



day, but after liiiie days failed to do so, and likewise died. 
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poisououa, pri>bably on tlio same prjnciplo that mw meat md 
(.►llier iiTitritioUH siibstAnoes, p^iven in excess, kill the leaves, 
llotico the coiidnaion, that the long-contliniod inflection of 
the tent^icles over fragments of lx>iio, enamel and dentine, is 
caused by the prcsoiice of phosphate of lime, and not of any 
included animal matter, is no doubt correct. 

Gelatine . — I used pure gelatine in thin sheets given mo by 
Prof. Hoffmann, For compaTison, squares of the same size 
those placed on the leaves were left close by on moss. 
These soon sivcllcd, but retained their angles for three days ’ 
after five days they formed rounded, softened masses, hut 
even on the eighth day a trace of gelatine could still bo 
detected. Other squares were immersed in water, and these, 
though mneh swollen, retained their angles for six days, 
^Squares of of an inch (2-d-t mm,), just moietened w ith 
water, w'ere placed on tnro leaves ■ and after tw-o or three 
days nothing w'as left on them but some acid viscid fluid, 
which in this and other cases never showed any tendency ter 
regelatinise m that the secretion must act on the gelatine 
differently to w'hat ivater does, and apparently in the same 
manner as gastric juice,* Four squares of the same size as 
before wore then soaked for three days in w^ater, and placed 
on large leaves ; the gelatine w^as liquefled and rendered acid 
in two days, but did not excite much inflection. The leaves 
began to re-expand after four or five days, much viscid fluid 
being left on their discs, as if but little had been absorbed. 
One of these leaves as soon as it rc-expauded, caught a small 
fly» and after 24 hrs. was closely inflected, showing how 
much more potent than gelatin© is the animal matter ab- 
sorbed from an insect. Some larger pieces of gelatine, soaked 
for live days in water, were next placed on three leaves, 
but these did not become much inflected until the third day^ 
nor the gelatine com jdetely liquefied until the fourth day. 

On this day one loaf began to re-expand ; the second on the 
htth ; and third on the sixth, These several facts j>rovc 
that gelatine is far from acting energetically on Drosera* 

In the last chapter it was shown that a solution of isin- 
glass of commerce, as thick as milk or cream, induces strong 
inilection, I therefore wished to compare Its action with that 
o pure gelatine, fed ut ions of one part of both substances 

4. 4 48i , lAiys. dy h Digestion,* toin. iL p. 24tt 
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to 21 S of water wero taada ; and Imlf-minim diopB ( ■ 020G c.c.) 
wore placed on the discs of eight leaves, so that each recei'ved 
of a grain, or ^135 mg* The four with the isiuglaBB 
were imich more strongly inflected than the other four, 1 
conclude, therefore, that isinglass contain a some, though per- 
haps very little, eoluhlo albuminous matter. As soon as these 
eight leaves re-es:paiided, they were given bits of roast meat, 
and in some hours all became greatly inflected ; again showing 
hoiv much more meat excites Urosera than does gelatiue or 
isinglass. This is an interesting fact, as it is well known 
that gelatine by itself has little ].>ow'er of nourishing an i male, 
OfioJidr/n . — This was sent me by Dr* MtMjre in a gelatinous 
state. Soino wae slowly dried, and a small chip was placed 
on a leaf, and a much larger chip on a second leaf. The first 
was liquefied in a day ; the larger piece ’ivas much swollen 
and softened, hut was not completely liquefied until the 
third day. The undried jelly was next tried, and as a 
control experiment small cubes were left in water for four 
days and retained their angles. Cubes of the same size Tvere 
jilaced on two leaves, and larger cubes on two other leaves. 
The tentacles and lamina; of the latter w^ere closely inflected 
after 22 hrs. but those of the two leaves wdth the smaller 
cubes only to a moderate degree. The jelly on all four was 
by this time liquefied, and rendered very acid. The glands 
were blackened from the aggregation of their protoplasmic 
contents. In 40 hrs, from the time when the jelly was given, 
the leaves had almost rt -expanded, and completelj^ so after 
70 hrs. ; and now^ only a littlo slightly adhesive fluid w^as 
left unabsorbed on their discs. 

One part of chondrlii jelly wms dissolved in 218 parts of 
boiling w'ater, and half-minim drops were given to four 
lea\’es i so that each received about J of a grain (*13,5 mg.) 
of the jelly; and, of course, much less of dry chondrin. 
This acted moat pow'erfully, for after only 3 hi a, 30 m* all 
four leaves w^ere strongly inflected. Throe of them began to 
re- expand after 24 hrs., and iu 48 hrs* ^vero completely o]>en ; 
hut the fourth had only partially re-expanded. All the 
liquefied chondrin was by this time absorbed. Hence a 
solution of chondrin seems to act far more qxilckly and ener- 
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gcticalily tlian pure ffelalino or isinglafia ; bi^it J am assured 
bv g(X>d authorities that it is most difficulty or irupogsihloy to 
know whether cliondriii^is puro, and if it contained any albu- 
Tui nous compound, this would liaTro proflnced the above ellecrt«. 
XcTerthekfis, I have thought those factfl worth giving, as there 
is so much doubt on the nutritions value of golatine ; and Dr* 
Lauder Bruuton does not know of any experiments with re- 
spect to animals on the relative value of gelatine and chrondrin* 
Milk . — Wo have seen in the last chapter that milk acts 
most powerfully on the leaves; but whether this is due to 
the contained casein or albumen, I know not. Bather Irirgo 
drops of milk excite so much secretion (which is very acid) 
that it sometimes trickles down from the leaves, and thi^ is 
likewise charactciiKtic of chem ically prepared casein* Minute 
drops of milk, plactjd on leaves, were coagulated in alxmt ten 
minutes, Schiff denies* that the coagulation of milk by 
gastric juice is exclusively due ti> the acid which is present, 
hut attributes it in part to the pepsin ; and it seems doubtful 
whether ivith Ihosera the coagulation can bo wholly due to 
the acid, as the soerotion does not coramoTily colour litmus 
paper until the tentacles have become well inflected ; ivhereas 
the coagulation commences, as we have seen, in about ten 
minutes. Minute drops of skimmed milk wero placed on the 
discs of live leaves ; and a large proportion of the coagulated 
matter or curd was dissolved in 6 hrs, and still more com- 
pletely in 8 hrs. These leaves re-expanded after two days, 
and the viscid fluid left on their discs was then carefully 
scraped off and examined. It seemed at first sight as if all 
the casein had not been dissolved, for a little matter A\ as left 
which appeared of a whitish colour by reflected light. But 
this matter, when examined under a high power, and when 
eom]wcd wdth a minute drop of skimmed milk coagulated 
l>y acetic acid, was seen to consist exclnsively of oil-gloiiules, 
more or less aggregated togctlier, w’ith no trace of casein. 
As I was not familiar with the microscopical appearance of 
milk, I asked Dr. Lauder Brunton to examine the slides, aud 
he tested the globules with ether, and found that they were 
dissolved* We may therefore conclude that the secretion 
quickly tllsfiolves casein, in the state in ^vhich it exist!? in 
inilk*f , 

_ Lemons, toin. p* 151. of cow's i;n.ilk contains a sninlt pi'O" 

t [Professor Sandoraon has called portion of imckin, which ia entiraly 
my attention to the fnet that ilic casein indigestille by gastric jtiicc— F* D ] 
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Chemkalli/ Prepared CaAetn — This substaiice, ^hich ib iii- 
Boluble ill water, fiiippospil by many chemists te diflbr from 
the casein of fresh milk:, 1 procured some, consistiiii^ of liar<l 
globules, from Closers. Hopkins ami Williams, and tried many 
experiments with it, Small particles and the powder, lioth 
ill a dry state ami moistened w'ith water, caused the leaves an 
whicli they w^cro placed to bo inflected very slowly, generally 
not until tw’o days had elapsed. Other fmrticles, wettetl with 
weak bydroclilnric acid (one part to 437 of w'ator) acted in ii 
single day, as did some casein freshly ]>re pared for mo by Dr. 
!Moore. The tentacles coiimionly remained inflected for from 
seven to nine days ; and during the whole of this time the 
secretion was strongly acid. Even on the eleventh, daysoiiie 
secretion left on the discs of a fully re-exf>anded leaf wnw 
strongly acid. The acid seems to iMji^ecreted quickly, for in 
one case tho secretion from the discal glands, on w^hich a 
little powulered casein had Inson strewed, eoUmred litnins 
paper, before any of the exterior tentacles were inflected. 
Some cubes of hard casein, moistened with water, were 
2 )hiccd on two leaves; after three days one cube had its 
angles a little rounded, and after seven days both consisted of 
rounded softened nmsises, iu the midst of much viscid and 
acid secretion ; but it must not be inferred from this fact that 
the angles w^erc dissolved, for cubwis immersed m water ’Hveiv 
similarly acted om After nine days those leaves begEin 
ro-exj)and, but in this and other cases the caaeiii did not 
appear, aa far as could be judged by the eye, nuicli, If at all, 
reduced in balk* According to Iloppe-Seylor and LubaviTi* 
casein consists of an albuniiuouB, with a non -albuminous, 
substance ; and the ahsorptioo of a very email quiuitity of tlie 
former would excite the leaves, and yet not decrease the 
casein to a perceptible degree. Sell iff assorts'f- — s^nd^ this is 
an imiiortant fact for us — that “ la cascine p orifice des 
chimistes est un coiqis [u esquo complctement inattaqiiablc 
par le sue gastrique.’* So that here we have another point ot 
accordance betwx':en the secretion of Drosem. and gastric juice, 
as l>oth act so differently on the freah cu^scin of milk, and tm 
that 2 )rej>arod by cheiulsts.i 
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A few ti-ials were made with cheese ; CTihea of of an 
incli (1^27 Tum,) were placed cm four loaves, tLtui these after 
one or two days became well inflected, their glands pouriiij^ 
forth imich acid aecretiou* Alter five days they he^an to re* 
expand, but one died, and some of the glands on the other 
leaves were injured. Judging h}^ tho eye* the softened arnl 
subsided masses of cheeac, left on the discs, were very little 
or not at all rediicc^d in bulk, may, however, infer from 
the time during which the tentacles romaiiicd inflected,— 
from the cliaiiged colour of some of tlie glands, — and from 
the injury done to others, that matter liad been ahtwrbed from 
the cheese. 

Lcijiimhu — I did not procure this substance in a sepamlc 
state ; hut them cau hardly bo a doubt that it would he easily 
digested, judging from the powerful effect produced by drops 
of a decoction of green peaa, as described in the last chapter, 
Thin slices of a dried pea, after being soaked in w%ater, were 
placed on two leaves ; these became somew^hat inflected in 
the course of a single hour, and must strongly so in 21 hrs. 
They re -expanded after three or four days* The slices were 
not liquefied, fur the walls of the colls, composed of cellulose, 
arc uot in the least acted on by the secretion. 

Polhn . — A little fresh jjollen from tho common pea was 
placed on the discs of five leaves, which soon became closely 
inflected, and remained so for tsvo or three days. 

Tho grains being then removed, and examined under the 
inicTuscope, were found discoloured, with the oil-glohulcs 
Tcmarkably aggregated. Many had their contents much 
shrunk, and some wore almost empty* In only a fciv cases 
wore tho pollen-tubes emitted. There could be no doubt 
that the accretion had penetrated the outer coats of the 
grains, and had partially digested their contents* So it 
must bo with the gastric juice of the lose eta w'hich feed on 
pollen, without ma^^ticating it** Drosera in a state of nature 
<rannot fail to profit to a certain extent by this poTver of 
jligesting pollen, as Innumerable grains from the carices, 
grasses, rumices, fir-trees, and other wund-fcrtilLseJ plants, 
which commonly grow in the same neighbourhood, will be 
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iiievitulJy caught l>y tho viscid secretlou butvou tiding tho 
many glands. 

Ghiieu . — This Bubstance is composed of two albuminoidg^ 
one stdublej thy other insoluble in alcohol.* Same was 
prej>arcd l>y merely washing wheatyn flour in w^atcr. A 
]>ro visional trial was made ’with rs,ther large pieces placed on 
two leaves; these, after 21 hrs., were closely inflected^ and 
I’crnained so for four days, when one was killed and the 
other had its glands extremely blackened, but was not 
afterwards observed. Smaller bits were placed on two 
leaves ; tbeso were only slightly inflected in two days, bat 
afterwards became much more so. Their secretion was not 
so strongly acid as thiit of leaves excited by casein. The bits 
of gluten, after lying for three days on the leaves, ’n^ere more 
tratis|>aront than other bits left for the same time in ’^vater. 
After seven days lx>th leaves re-expanded, but the gluten 
seemed hardly at all reduced in bulk. The glands wduch 
liad l>een in contact with it wery extremely black. 8till 
smaller bits of half putrid gluten were iio’w tried on two 
leaves ; these ’were well inflected in 24 lirs,, and thoroughly 
in four days, the glands in contact being much blackened. 
After five daj’s one leaf liygan to re-expand, and after eight 
days both were fully re~ expanded, some gluten being still left 
out heir jdiscs. Four little chips of dried gluten, just dipped 
in water, were next tried, aud these acted rather differently 
from fresh gluten. One leaf was almost fully rc-cxyjundod in 
three days, and the other throe leaves in four days. The 
chips wGio greatly softened, almost liquefied, but not nearly 
^ill dissolved. The glands which had been in contact ’with 
them, instead of being much blackened, were of a very pale 
-colour, and many of them were evidently killed. 

In not one of these ten cases ’^vas the ’whole of the gluten 
dissolved, even when very small bits were given. I there- 
fore asked Dr. Burdoii Sandei’aou to try gluten in artifleial 
digestive fluid of pepsin itvith hydrochloric acid ; and this 
di 'Solved the whole. The gluten, however, was acted on 
much more slowly than fibrin; the proportion dissolved 
within fonr hours being ns 40 ’8 of gluten to 100 of fibrin* 
Gluten ’was also tried in two other digestive fluids, in ’ivhich 
hydrochloric acid was replaced by propionic and butyric 
4 icitls, and it was completely dissolved by these fluids at the 



* WiitU' ‘ Diet, of ChETciatry,’ vol. ii. 1372, p- BT3. 
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ordinary tom per atm 0 of a room. Here, tlien, at last, wo 
have a case in which it appears that thoro ojcifits an essential 
diflference in dif^estive power hetwocn the Becrction of Drosera 
and gastric jnioe ; the difference being^ confined to tlio 
ferment, for, as we have just eecu, pepsin in combinatiou 
with acids of the acetic series acts perfectly on gluten- I 
believe that the explanation lies simply in the fact that 
gluten is too powerful a stimulant (like raw meat, or 
phosphate of lime, or even too large a juece of albumen), and 
that it injures or kills the glands before they have had time 
to pour forth a sufficient supply of tho proper secretion. 
That some matter is absorbed from the gin ten, we have dear 
evidence in the length of time during which the tentacles 
remain inflected, and in the greatly changed colour of tho 
glands. 

At the suggestion of Dr, Sanderson, some gluten was left 
for 15 hrs. in weak hydrochloric acid ('02 per cent.) in order 
to remove the starch. It became colourless, more transparent, 
and swollen. Small portions were \vasbed and placed on five 
leaves, >vhich w^ere soon closely inflected, but to my s^llJ^^ieo 
re-expanded completely in 46 hrs. A mere vestige of gluten 
wa^i left on tivo of the leaves, and not a ■v'cstigo On the other 
th ree. Tho viscid and acid secretion, which remained on the 
discs of tho three latter leaves, was scraped oft' and examined 
by my son under a high power; but nothing could be ween 
except a little dirt, and a good many starch, grains ’which 
had not been dissolved by the hydrochloric acid. Sonic of 
the glands were rather pale* We thus learn that gluten, 
treated "vshth Tveak hydrochloric acid, is not so po’werful or so 
enduring a fitimulant as fresh gluten, and does not much 
injure the glands; and w^o further learn that it can bo 
digested quickly and comidetcly by the secretion. 




[Chap, VI, 



(ilohulin or Crystalling — -Tliigi (viihs lance was kindly prepaTed foi;’ 
me fiom the lens of the eye by Dr, Moore, and consisted of hard, 
<»lourless, trausiiiirent It ia ijaid* tltat fflohulin oilgtit to 

fiwe 1 up in diaaolve, for the most purt forming a gunjiuy 

iquid, but this did not occur with the aht>ve fragmeutsi, though 
ept in water for four days. Particles, some moistened ’^vith ’^vnter, 
ethers with weak hydwhlork acid, others soaked in water for one or 
two days, were placed on nineteen leaves. Most of theso leaves. 



* Wfttts* * Diet, of Chemistry/ vol. ii. p, 874, 
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pp^ciAlly thoEKj ^ith the long soaked particles, became stmndv 
inriected in a few hours. I he greater number re-expatided after three 
or four days ; but three of the leaves remainc^l inflected darin^^ one 
two, or three additional days. Hence some exciting matter must have 
been absorbed; but the fm-gments, though j^erhapg softened in a 
greater degree than those kept for the same time in water, retained 
all their angles as sharp as ever. As globulin is an albuminous sub- 
stance, 1 was astonished at this result;* and mv object licing to 
comi>are the action of the secretion with that of gastric juice, I asked 
Dr. Burdon Sanderson to try some of the globulin used by me. He 
rei-njrts that " it was subjected to a liquid coiitainmg 0 2 per cent, of 
hydrochloric acid, and about 1 per cent, of glycerine extract of the 
stomach of a dog. Jt was then ascertained that this liquid waa capable 
of digesting 1 '31 of its weight of unboiled fibrin in 1 hr,; whereas 
during the hour, only O' 141 of the above globulin ivaa dissolved. In 
both caijea an excess of the substance to l>e digested was subjected to 
the liquid.” f We thus see that within the eauic time less than one- 
ninth by weight of globulin than of fibrin was dissolved: and bearing 
in mind that ppsin wltli acids of the acetic series has only about on<> 
third of the digestive power of pepsin with hydrochloric acid, it is not 
flur])rismg that the fragments of globulin were not. (yjrfodod or roundeil 
by the secretion of Diosera, though some soluble matter was certainly 
extracted from them and absorbed by the glands. 

Some dark rod granules, prepared from bullock’s blood, 
were given mo; tbeso were found by Dr. Sanderson to be iuyoluble in 
water, acids, and alcohol, SO that they were probably hpimatin, ten 
got her with other bodies derived from the blood. Partkks with little 
tlropfi of water were placed on four leaved, three of which were pretty 
closely inflected in two days; the fourth only moderately so. On the 
third day the glands in contact with the h.ajmatin were blackened, and 
of the ten tildes seemed injured. After five days two leaves died, 
and the third was dying; the fourth was beginning to re-expand, but 
many of its gl ands were blac kened and injured. 1 1 is therefore dear th a fc 
matter liad been absorbed which was either actually poisonous or of 
too stimulating a nature. The pirtidcs were much more softened 
than thoae kept for the same time in water, but, judging by the eve, 
very little reduced in bulk. Dr. Sanderson tried this substance with 
artificial digestive fiuid, in the manner described under globulin, and 
found tliat whilst X'31 of fibrin, only 0 45G of the hkmatiu was 



• [The TCialt wag no cioabt due 
(ag lleara from Professor Saudei-son) 
to the fact that the globulin haj 
been treated with akohol in the 
courge of its. preparation— F. D.] 
t I may add that Dr. Sanderson 
prepared some fresh globulin by 
Schmid l^s method, and of thia O' €05 



was dissolved within the same time, 
namely, one hour j so that it was far 
more soluble than that which I used, 
though Iftia soluble than fibrin, of 
which, as we have seen, 1 ‘31 Wn4 
disBolv«iJ, I wish that I had tried 
UD l>rosem globulin prepared by this 
method. 
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diaaolTcd in m hourj Mt t]m disaolution hy tho secretion of even a 
less nmount would account for its fiction on Dros^crn. The re&idue 
left by the nrtiDcial digestive ftuid at first yielded noihing more to it 
during several aiiccctxlinig days. 

Substances icJdcli are not Ddjested hf the 3Secretion, 

All tlio snbetniicesi hitter to mentioned caiiee proloiiged 
inflection of the toiitacleB, and are either eompletcl}^ or at 
least partially dissolved ty the secretion. But there are 
many <>thcr BubstaiiceSt simio of them eoutaiiiin^ nitrogen, 
^vhich are not iu the least acted on by the secretion, ami do 
not induce inflection for a longer time than do inorganic and 
insoliihlo objects. These unexciting and indigestible sub- 
stances are, as far as I have observed, epidermic productions 
(buch as bits of human nails, balls of hair, the quills of 
feathers), fibro-olastic tissue, runcin, pepsin, urea, chitiue, 
chlorophyll, cellulose, gun-cotton, fat, oil, and starch. 

To these may be added dissoWed sugar and gum, diluted 
alcohol, and vegetahlo infusions not containing albumen, for 
none of these, as shown in the last chapter, excite inflection. 
Kow, it is a remarkable fact, which affords additional and 
important evidence, that the for men t of Tdrosera is closely 
similar to or idejitical with pepsin, that none of these same 
substances are, as far as it is known, digested by the gastric 
juice of anImalH, though some of them are acted on by the 
other secretions of the alimentary canal. Nothing more 
need be said alxiutsome of the above enumerated substances, 
excepting that they were repeatedly tried on the leaves of 
Drosera, and were not in the least affected by the secretion* 
About the others it will bo advisable to give my cxpeii- 
meuta. 

(brihctastic Tis&uCi — l\e have already seen that when little cuhe^ 
of inuat, ifec., were placed on leaves, the rnuBcieB, areolar tissue^ and 
cartilage was completely dissolved, but the fibro-clastic tissue, oven 
tho most delicate threails, were left without the least signs of having 
been attacked. And it is well known that tbia tissue cannot be 
digested by the gaalric juice of animals,* 

As this siibstance contains about 7 per cent, of nitrogen, I 
ox|>ected that it W’outd liave excited tho leaves greatly and been 
uigestcd by the Hocrction, hut lu this I was mistaken, bVotu what is 



,* See, for iustancCjSchiff, ‘ Phjfis. de la DigeHtion/ 1867, tom, ii. p. 3^t. 
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it appears extremely doubtful iTlietlier 
a pure principle, 'ihat which 1 uaed 



iQ chemical works, 
mucin can be prepareil as 

(prcparml by Dr. iloorc) was dry and hariL Particka moistened 
with water were placed on four leaves, but after two days there wna 
only a trace of inflection in tlio immediately adjoinitii^ t4ntadeH, 
These leaves ^vero then trieii with l>its of meat, and all four «oon 
Ijocamo strongly inflected. Somo of the dried mucin was then soaked 
io water for tw^o days, and litile cubes of the proi^er ake were placed 
on three leaves. After four days the tentacles round the margins of 
the discs were a little in fleeted, and the secretion collected on the disc 
was acid, but the exterior tentacles were not affected. One leaf began 
to re^expand on the fourth day, and all were fully re-espandeti on the 
sixth. The glands which hsul been in contact with the mucin were 
a little darkened. We may therefore conclude that a small amount of 
some impurity of a modcmtdy exciting nature had been absorbed. 
That the mucin employed by me did contain some soluble matter was 
proved by Dr. SamierKon, who on subjecting it to artificial gastric 
juice found that in 1 lir. some was dissolved, but only in the j>roj>ortion 
of 23 to 100 of fibrin during the same time. The cubes, though 
jxirhaps rather softer than those left in water for the f-atne time, 
retained their anglea as sharp as ever. We may therefore infer that 
the mucin itself w*as not disseflved or digeata;!. Kor is it digested by 
the gastric juice of Jiving animals, and according to Schift * it is a 
layer of this substance which protects the coats of the stomach from 
beinq; corroded during digestion. 

J'ep^in ^' — My experiments are liardly worth giving, as it is scarcely 
possible to prejiarc pepsin free from other albumTuoids; hut I was 
curious to MCertaic, as far as that was ix>tsible, whether the ferment of 
tlve secretion of Drosera would act on the ferment of the gastric juice 
of atiimalft. I first used the common j>e|isin sold for medicinal pur- 
]x>BC8, and afterwards some which was much purer, pre[iarcd for me 
by Dr. Jtootc. Five leaves to which a considerable quantity of the 
funner was given remained inflected for five daysj four of them then 
died, apparently from too great atlinulatlon. 1 then tried Dr. Moore’s 
pepsin, making it into a f»aste with water, and placing such small 
]iar tides on the discs of five leaves that all would have been quickly 
dissolved had it beeu meat or albumen. T(ie leaver were swn in- 
flected; two of them began to re-ex [jand after only 20 hrs., and the 
other three were almost completely re-expandod after 44 hrs. Some 
of the glands which had boon in contact with the particles of pc[isin, 
or with the acid secretion euiTounding tliem, were singularly pale 
whereas others w^ere singularly dark-coloureih Some of the secretion 
was scraped off aud examined under a high powder; and it abounded 
with granules utidistingiiishable from those of pepsin left in water for 
the same length of time. We may therefore infer, as highly probable 
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(reiiicinbeTing what small Quantities were j^iven), that the ferment of 
iJroscT’i tl(X‘H not act on or tlSgcst jwpsinj hut absorirfi Irom it some 
ulbuminous iraourity which mducea iEifluction, and whicfi in largo 
quantity ia hishly injurious. Dr. Lander Brunton at iny requeit 
endeavoured to ascertain whether pepsin with liydtochioric acid would 
digest pc|>sin, and as tar ass ho could judgo^ it had no such ]iower. 
Gastric juice* tberelbre, apparently agrees in this respect \^iih the 
eecretton of Drosera. 

It seeiiKxl to mo an interesting inquiry whether tins refuse 
of til e living body, which contains mudi nitrogen^ would* like so many 
other animal fluids and subatancesj be absorbed by the glands of 
Drosera and cause inflection. Half-minim drops of a solution of one 
jmrt to 4tl7 of w ater w ere placed on the disc^ of four leaves, each drop 
containing tlio quantity usually employed by me, namely of a grain, 
or '0074 mc^. ; but the leaves were hardly at all aflected, I’hcy were 
then teatM^ with hits of meat, and soon became clojsoly inflected* I 
repeated tbe same exi^eriment on four leavea with some fresh urea 
prei^ared by Dr. Moore; aJter tw^o days there was no inflection; 
1 tiien gave them another dose, but stili there waa no inflection. 
These leavea ivere alter wards tested with similarly sized drops of an 
infusion of raw meat, iind in C lirs, there w^as considerable iullcctiou, 
which became excessive In 24 hrs. But tbo urea apparently ivas not 
quite pure, for when four leaves were immersed in 2 dr* (7'1 c.c.) 
of tho eclutioD, so that all the glands, in.stead of merely those on the 
disc, were enabl&l to absorb any small amount of imp miry in sedation, 
there was considerable inflection after 24 hrs., certainty more than 
ivould have followed from a similar imnicrbiou in jHiro wuter* That 
tlie urea, which was net perfectly white, should have coutaiued a 
sii file lent quantity (hf albuminous matter, or of fioiiiK salt of ammonia, 
to have caused the above effect, ia far from auTpiislng, for, as we shall 
see in the next chapter, astoni shingly small doses of ammonia arc 
Idghly efficient. AVe may therefore conclude that the urea itself is 
not exciting or nutritious to Drosera; nor is it mexlified by the 
secretion, so as to bo rendered nutritious, for, had this been the case, 
r 11 tho leaves with drops on their discs assuredly would liave l)ecii 
w'cll inflected* Dr* Lauder Brunton informs me that from experiments 
made at my request nt St, Bariholomew’s Hospital it appears that urea 
is not acted on by ariificial gastric juice, that is by pepin with 
hydnxhloric acid. 

Chit he . — The ehitiuous coats of insects naturally captured by the 
leaves do not ap];ear in the least conoded. Small square pieces of the 
delicate wing and of the elytron of a Staphy linns w^rc placed on some 
leaves, and after these had re-expanded, the pieces wore carefully 
cxamineil, Thdr angles were as sbaq> as ever, and they did not diflhr 
in appearance from the other wing and elytion of the Stfune inaect 
which had been left in water. Tba elytron, however, had evidently 
yielded some nutritious matter, for tho leaf remained clasped over it for 
lour days; wliereos the leaves with hits of the true wing re-e.';paDded oi* 
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thf; second day. Any one who will examine tho excrement ofinaect- 
eatins animals will «ee how powerlosfl their gastric-jutcB is on dikine* 

Cellult>$e,^l did not obtain this substance in a separate state^ but 
tiled angular bits of dry wood, cork, sphagnum moss, linen, and cotton 
thread, None of these bodies were in the least attacked by the 
secretion, and they caused only that moderate amount of inflection 
which 13 common to alt inorganic objects. Gun-cotton, which consists 
of cellulose, with the hydrogen replaced by nitrogen, was tried with the 
3sma result. We have seen that a decoction of cabbage leaves excites 
the tiioet powerful inflection. I therefore placed two little square bits 
of the blade of a cabbage leaf, and four little cubes cut from tho 
midiib, on six leaves ot Drosera. These became well inflected in 12 
hrs., and remained so for between two and four days; the bits of 
cabbage being bathed all the time by acid secretion. This shows that 
sonic exciting matter, to which I shall presently refer, had been 
absorbed; bnt the angles of th& squares and cubes remained as shari> 
as ever, proving that the framework of cellulose had not been attacketl. 
Small square bits of gpinach leaver were tried with the same resnlt ; 
the glands pouring forth a moderate supply of add secretion, and the 
tentacles remaining inflected for three days. We liave also seen 
that the delicate coj\t3 of ixillen grains are not di^solveil by the 
secrotlon.. It is well known that the gastric juice of animals docs 
noTi attack cellulose^ 

Chloi-oph^lL — This substance was tried, as it contains nitrogen. 
Dr. Moore sent mo some preserved in alcohol ; it was drietl, but soon 
deliquesced. Particles were placed on four leaves; after S hrs, the 
secretion ivas acid; after B hrs, there was a good deal of inflection, 
which in 24 hrs. became fairly well marked. Aftor four days tw'o of 
tlie leaves began to open, and the other two were then almost fully rc- 
ospailded. It is therefore clear that this chlorophyll containGd matter 
which excited the leaves to a mtxleratc degree; but judging by the 
eye, little or none was dissolved; so that in a pure state it w’ould not 
probably liavc been attacked by the secretion. Dr, Sanderson tried that 
which i usLd, as well as some freahly prepared, with artificial digestive 
liquid, and found that it was not digested. Dr, Lauder Ikunton 
likevvise tried some prepared by the process given in tho British Thar* 
macopccia, and exposed it for five days at the temperature of 37^^ 
Cent, to digestive liquid, but it was not diminished in bulk, though 
the fluid acquired a slightly browm colour. It was also tried with 
the glycerine extract of pancreas w'ith a negative result* Nor docs 
clilorophyil seem affected by the intestinal secretions of various animah, 
judging by the colour of their excrement. 

It must not be sujqxised from these facts that the grains of 
chllorophyli, as they exist in living plants, cannot be attacked by the 
secretion; for these grains consist of pirotoplasm merely coloured by 
chlorophylh My sou Francis placed a thin slico of spinach leaf, 
moistened with saliva, on a leaf of Drosera, and other slices on damp 
cotton- wool, all ex|H)sed to the same tcmx>crature. After Ifl Urs. the 
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slice on tlie leaf of the Drosera waa bathei .1 in much' accretion from 
the inflected tentacles, and was now examined ^ndor the niicroBco[«** 
Ko perfect grams of chlorophyll could Iw distingmsbed ■ sfjmo wgro 
shmiiken, of a yelloiiVish-greeti colour, and collected in the middle of 
tho cells j others were disintegrated and formed a yellowish 
likewiM in the middle of the cells. On tho other handj in the 
slices surrounded by damp cotton- wool, tho grains of chlorophyll were 
green and as perfect aa ever. My son also placed some slices iu 
artificial gaatric juice, and these were acted on in neatly the saino 
manner as by the secretion. We havo j^een that bits of fresli cabl age 
and spinach leaves cause tho tentacles to bo iutlccted and the glanda 
10 pour forth much ac■i^l secretion ; and there can be little doubt tliat 
it is the protoplasm forming the grains of chlorophyll, as well as ihat 
lining the w-alls of the cells, which excites the leaves, 

and OiL — Cubes of almost pure uncooked fat, placed on several 
leaves, did not have their angles in the leapit rounded. We have nltso 
seen that the oil-globulea in milk are not digested, Nor does alive oil 
dropped on the discs of leaves cause any inflection ; but when they 
are immerBcd ill olive oil they become Btrongly inflected j but fo' this 
subject I shall have to recur. Oily substances are not digested by 
the gastric juice of animals. 

Starch . — Bather large bits of dry starch caused wcll-markei:! in- 
flection, and the leaves did not re-expand until the fourth day ; but I 
have no doubt that this was due to the prolonged irritalion of the 
glands, as the starch continued to absorb the secretion. The particles 
were not in the lenst reduced in ai?.e ; and we knoiv that leaves 
immersed in an emulsion of starch are not at all affectc<b I need 
hardly say thEit starch is not digested by the gastric juice of aniniiils. 



Action of the Secretion on Lhlng Seeds. 



The results of some experiments on living seeds, selected by hazard, 
may here lie given, though they boar only indirectly on our present 
subject of digestion. 

Seven cabbage seeds of tho previous year were places! on the sanie 
number of leaves. Some of these leaves were mori crate] y, but the 
greater number only slightly inflected, and most of them re-expaiidetl 
on the thiid ^y. One, hotvover, remaineii clas^jed till the fourth, and 
another till the fifth day, ^Ihese leaves therefore were excited some- 
wbat more by tho seeds than by inorganic objects of the same si lie. 
After they re-expanded, the seeds were placed under favourable con- 
ditions on clamp sand; other seeds of the same lot being tried at the 
same time in the ijame manner, and found to germinate well# Of the 
seven s^dfl w'hich had been exposed to the secretion, only three ger- 

Seedlings soon pcrislietl, the tip of its 
icle Ming from the first decayed, and, the edges of its cot vletioD^ of 

a dark brown colour; so that altogether five out of the seVen fccoda 
uliimately j^nshed. 
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Radish scGids (Eapfianus satimts) of tlie pirovious year were pLicerl 
on tliree It^aves, which l>ecajne modciatclly inflected, and rc-expanded 
on tho third or fourth day- Two of these seeds were transferred to 
damp sand ; only one germinated, and that rery slowly. This seedling 
liiid an extremely short, crociked, diseast^d, radicle, with no ahsorbent 
hairs ^ and the cotyletlona were oddly mottled with purple, with tho 
edges blackenetl and fuartly witViered, 

Cress seeds {Lepidtmti sattvimi) of the previous year were iilaced on 
four kaves; two of these 'next morning ivere moderately and two 
strongly inflected, and remained bo fo-r four, five, and even six days. 
Soon after these seeds were placed on the leaves and had become danip^ 
they secreted in the usual manner a layer of terra cjons mucus; and to 
ascertain whether it was the absoriition of this substance by the glamk 
w'hich causeti so much InfleGEion, two seeris were put into w^ater;, 
and as much of the mucus m pK>flsihle scrapetl off. They w^ere then 
placed on leaves, which became very Strongly inflected in the conrsfr 
of 3 hr&., and were still closely inflected on the thinl day ; bo that it. 
evidently w^aa not the mucus wdiich excited bo much inflection; on ilie 
contrary, this served to a certain exte nt as a protection to the sect-s. 
Two of the aix seeds germinated w hilst stiU lying on the leaves, but 
the seedlings, wlien transferred to damp sand, soon died ; of the other 
four seeds, only one germinated. 

Tw'o seeds of mustard (^Smapis nigra) ^ two of celery grave- 

ojcps ) — both of the previous year, two seeds well eoahed of caraway 
(^Cuvum cami)f and tivo of wheat, did not excite tlie leaves more tliiUl 
inoi'ganic objects often do. Five seed?, hardly rijn'i, of a buttcrcu]» 
(Ranunculus), and two fresh seeds of Anemtme inducctl 

only a little more cirect* On the other hand, four seeils, jjerhajjs not 
quite ripe, of Carex sglvalicit caused tVic leaves on whicii they weio 
placed to be very strongly inflectol ; and these only l>cgan to re-cxpaiiii 
on the third day, one reiimning inflected for seven days* 

It follow's from ihese few^ facta that diflcrent kinoa of acedia excifo 
the leaves in very different degrees ; whether this is solely due to tlic 
nature of tlieir coata ia not clear. l)i the case of the cresfl seeds, tl^o^ 
partial removal of the layer of mucus hastened tlte inflection of the 
tentacles. "Whenever the leaver remain inflectMl during several days 
over seed a, it ia clear that they absorb some matter fmm them, 'J’hat 
the secretion penetmtes their coata ia also evident from the large prfH 
portion of cabbage, laddish, and cress acctla which were killed, snd 
from eeverul of the seedlings being greiitly injured* Thia injury to 
the seed a and Boedlinga tiiay* however, W due solely to the acid of the 
secretion, and not to any process of dige&tion; for !Mr, Tmlicrno 
^foggridge has sbowm that very weak acids of the acetic scries am 
highly injurious to seeds* It never occurred to mo to observe whether 
seeds :irti! often blown on to the viacid leaves of plant a growing in a 
state of natui-e; but this can hardly fail aotnetime^ to occur, as we 
shall hereafter see in the case of Pinguicuht. If so, Droseiu will profit 
to a slight degree by absorbing matter from such seeds* 
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Summarif and Condudmg Bemarks on the DhjesHvs Power of 

Drosera. 



When tlio glands on the diso are oxcitod either by the 
;il>sorption of nitrogeiiaiis matter or by meohanical irritation, 
their seerction increases in quantity and becomes acid* 
They likewise transmit some influence to the glands of the 
exterior tentacles, causing them to secrete more copiously ; 
and their secretion likewise becomes acid. With animals, 
according to S chili",* mechanical irritation excites the glands 
the stomach to secrote an acid, but not jiepsin, Xow, 1 
have ©very reason to believo (though the fact is not fully 
©HtabliBhed), that although the glands of Drosera are con- 
tinually secreting viscid fluid to replace that lost liy 
evaporation, yet they do not secrete the ferment proper for 
digestion when mechanically irritated, hut ooly after ab- 
sorbing certain raattex, probably of a nitrogenous nature. I 
infer that this is the case, as the secretion from a large 
number of leaves which had been irritated by particles of 
glass placed on their discs did not digest albumen ; and 
more especially from the analogy of Diontea and Xepenthes. 
In like manner, the glands of the stomach of animals secrete 
pepsin, os Schiff asserts, ouly after they have absorljed 
certain soluble substances, which he designates as peptogenes- 
There is, therefore, a remarkable parallelism between the 
glands of Drosera and those of the stomach in the secretion 
<d their proper acid and ferment. 'j' 



* ' Phys. li Digestion,* 1867, 
torn. ii. jtp. 188, 246* 

t [It will be seen frora the facts 
given in a footnote rtt p. 81, that 
4iven if we accept Scliift’a peptog«n 
theory, the evidence on tht bo- 
tanical Bide is against the exUteiice 
esf the above suggested parillelii>iiii. 
Mitreovor, Scliitfs peptogen theory 
is not generally aocepteil by physio- 
logists. Professor S.ani]ersou has 
called my attention to Kwald’s views 
on this question as given in his 
^ Klinik der Venlamings krankheiten, 
^i) Die Lehre you der Verdaunng,’ 
1886, p. tH. Ewald does not believe 
in any sjjccwi; action of the so-cralled 
peptogens. He writes, I find that 




acid and pepsin make th&ir appearance 
almost immediately after the mtro- 
duRtion O'f a starch solution, into the 
stomach. The same thing naturally 
follows on the introduction of SchilFs 
]>eptogens, bo that no inconsiderable 
quantity of add and pepsin is in 
readiness for a subsequent act of 
digestion, which is, in consequence, 
rendeTcd far more energetic.” 

Ilaidouhain, in Hermann** ^ Hand- 
luich der Physiologic, ' voL v, part i. 

153, also criticises Sehifl-*’* theory, 
and shows that the ohserva lions on 
which this theory id founded are to 
some extent untrustwoTthy, owing to 
a fault in the method employed — V. D-] 
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Tlie Bccretioa, wo liave seeiit completely disHolTcs 
allmmon, muscle, fibrin, areolar tissue, cartilage, the fibrous 
basis of l>t>no, gelatine, cliondriii, casein in the state in which it 
exists in milk, aiid gluten which has been subjected to weak 
hydrochloric acid» Syiitonin and legumin excite the leaves 
eo poiverfully and quickly that there can hardly be a doubt 
that both w^ould be dissolved by tho secretion. The accretion 
failed to digest fresh gluten, apparently from its injuring 
the glands, though some was absorhed* Itaiv meat, unlessi 
in very small bits, and large pieces of albumen, &c,, likewise 
injure the leaves, Tvhicb seem to suffer, like animals, from 
a surfeits I know not whether tho analogy ik a real one, 
hut it is worth notice that a decoction of cabbage leaves is 
far more exciting and probably nutritious to Drosera than 
an infusion made w'ith tepid water ; and boiled cabbages are 
far more nutritions, at least to man, than the uncooked 
leaves. The most striking of all the cases, though not really 
moro remarkable than many others, is tho digestion of so 
hard and tough a eubstance as cartilage. The dissolution of 
pnre i>hosphute of lime, of bone, dentine, and especially 
enamel, Beems ’wonderful ; but it depends merely on tho 
long-continued secretion of an acid ; and this is secreted for a 
longer timo under these circumstances than under any other. 
It was interesting to observe that os long as tho acid was 
consumed in dissolving the phosphate of lime, no true di- 
gestion occun ed ; but that as soon as the bone ’was cximpletely 
decalcified, the fibroUH basis was attacked and liquefied wfith 
the greatest ease. Tho twelve substances above enumerated, 
w'hich are completely dissolved by the socretion, are likewdso 
diBSolvcd by the gastric juico of the higher animals ; and 
they are acted on in the same manner, as shown by the 
rounding of tho angles of albumen, and more especially by 
the manner in which the transverse striaj of the fibres of 
muscle disappear. 

The secretion of Drosera and gastric juice were l>oth able to 
dissolve some element or impurity out of the globulin and 
hse matin employed by me. The secretion also dissolved 
something out of chemically prepared casein which is said to 
consist of tw'o subs tan ccs; and although Scliiff asserts that 
casein in this state is not attacked by gastric juice, he might 
easily have overlooked a minute quantity of some albn- 
mi nous matter, ivhich Drosera would detect and absorb. 
Again, fibro-cartilage, though not properly dissolved, is 
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acted on in tlie samemanner^ botli by the socretion of Drosera 
and gai^Jric jnice. But this eubstancej as well as the so- 
called hffimatin need by inCi ought perhaps to ha%e been 
classed with indigestible Kuhstanccs* 

That gastric juice acts by means of its ferment, pepsin, 
solely in the presence of an acid^ is well established j and 
we have excellent evidence that a ferment is prefienit in the 
secretion of Droscra, which likewise acts only in the presence 
of an acid ' for we have seen that when the fiocretion is 
nentralieed by minute drops of the solution of an alkali, the 
digestion of albumen is completely stopped, and that on 
the addition of a minute doso of hydrochloric acid it imme- 
diately recommences* 

The nine following substances, or olasscs of substanoes, 
namely epidermic productions, ilbro-elastic tissue, mneln, 
pepsin, urea, chitine, cellulose, gnu -cotton, chloTophyll, starch, 
fat and oil, are not acted on by the secretion of 1 Jrosera ; 
nor are they, as far na is known, by the gastric juice of 
animals* Some soluble matter, however, was extracted from 
the mucin, pepsin, and chlorophyll, used by me, both by the 
hocretion and by artificial gastric juice. 

The several substances, which are completely dissolved bv 
the secretion, and wdiich are afterwards absorbed by the 
guilds, affect tlie leaves rather difierently* They induce 
inflection at very different rates, and in ver3^ different 
degrees and the lentacles remain inflected for very different 
l>eriods of time. Quick inflection de[>enda partly on the 
(juantlty of the substance given, so that many glands arc 
simultaneously afteeted, partly on the facility with which it 
is ])cnetrated, and liquefied by the socretiou, and partly on 
ita nature, but chiefly on the presence of exciting matter 
already in solution. Thus saliva, or a weak solution of raw 
meat, acts inuch more quickly than even a strong solution of 
gelatine* So again leaves which have rc-cxpanded, after 
absoibing drops of a solution of pure gelatine or isinglass 
(the latter being the more powder fill of the two), if given bits 
o meat, aro inflected much more energetically and quickly 
than they were before, notwithstanding that some rest is gener- 
a ly reqmsite between two acts of inflection. Wo proliably 
see the influenc© of texture in gelatine and globulin w-lieii 
sol toned by having been soaked in water acting more quickly 
lan when merely wetted. It may be partly due to changed 
exture, and partly to changed chemical nature, that albumen, 
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As'liicli has l>eeTi kopt for some time, aud gliiten which litis 
heen subjected to weak hydrochloric acid, act more quickly 
than these substances in their fresh state. 

The length of time during which the tentacles remain 
inflected largely depends on the quantity of the substance 
given, partly on tho facility with which it ia penetrated or 
acted on by the secretion, and partly on its essential nature* 
The tentacles always remain inflected junch longer over 
large hits or large drops than over small bits or drops, 
'roxture probably plays a part in determining the extra- 
ordinary lengiih of time during which the tentacles remain 
inflected over the hard grains of chemically prepared casein. 
Hut the tentacles remain inflected for an equally long time 
over finely powderod, precipitated phosphate of lime ; phos- 
phorus ill this latter case evidently being the attraction, 
and animal matter in tlio case of casein. The leaves rotnain 
long inflected over insects, but it is doubtful how far this is 
due to tho protection afforded by their chi ti nous integu- 
ments ; for animal matter ia aoou extracted from iuaects 
(probably by exosmose from their bodies into the dense snr- 
romidiiig aecretion), as sho\vn by" the prompt inflection of 
the leaves* We eco the influence of the nature of different 
substances in V>its of meat, albumen, and flesh gluten acting 
very' difierenth’' from equal-sized bits of gelatine, areolar 
tissue, and the fibrous basis of botio* The former cause not 
only far more prompt and energetic, but more prolonged, 
inflection than do the latter* Hence we are, I think, justb 
fled in believing that gelatine, areolar tissue, and the fibrous 
basis of bone, would be far less nutritious to Drosera than 
such substances as inseeta, moat, albumen, This is an 
interesting conclusion, as it is known that gelatine affords 
hut little nutriment to animals ; aud so, proMbly would 
areolar tissue aud the fibrous basis of bone. The ohondrin 
Avhich I used acted more powerfully than gelatine, but then 
i do not know that it was ]>urc. It is a more remarkable fact 
that fibrin, wliich belongs to the great class of Protcids,* 
including albumen in one of its sub-groups, does not excite 
the tentacles in a greater degree, or keep tlicm inflected for a 
longer time, than does gelatine, or areolar tissue, or the 
fibrous basis of bone. It is not known how long an animal 



* See the classt fiction opted ty Dt. MkhneL Foster ia Watts' ' Diet, of 
Clioniistry,* Siiiijjlemcnt 1&72, p, 9G&. 
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ivoukl BUTviye if fed on fibrin bot Dr. SanderBon fiag 

no doubt longer than on gelatine, and it would be hardly 
rash to predict, judging from the effects on Droeera, that 
albumen would be found more nutritious than fibrin, 
(llobulin likewise belongs to the Protekls, formiDg another 
Kuii-group, and this substance, though containing somo 
matter which excited Drosem rather strongly, was hardly 
attacked by the secretion, and was very little or very slowly 
attacked by gastric juice. How far globulin would be 
nutritious to aniinals is not known. ^Ve thus see how 
differently the above specified several digestible substances 
act on Drosera ; and we may infer, as highly probable, that 
they would in like manner l>e nutritious in very diffexent 
degrees both to Drosera and to animals. 

The glands of Drosera absorb matter from living seeds, 
which are injured or killed by the secretion. They likewise 
absorb matter from pollen, and from fresh leaves ; and this 
is notoriously the case with the stomachs of vegetable- 
feeding animals. Drosera is properly an insectivorous 
plant ^ but as pollen cannot fail to bo often blown on to the 
glands, as wdll occasionally the seeds and leaves of sur- 
rounding plantu, Drosera is, to a certain extent, a vegetable- 
feeder. 

Finally tho experiments recorded in this chapter show 
us that there is a remarkable accordance in the power of 
digestion between the gastric juice of animals wuth its 



We cau therefore hardly doubt that the ferment in both 
cases is closely similar, if not identically the same. That 
a plant and an animal should pour forth the same, or nearly 
the same, complex secretion, adapted for the same puipose of 
digestion, is a new and wonderful fact in physiology. But 
I shall have to recur to this subject in tho fifteenth chapter, 
in my concluding remarks on the DroBeracetC. 



pepsin and hydrochloric acid and the secretion of Drosera 
with Its ferment and acid belonging to the acetic series. 
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CITAPTEE TII. 

The Effects of Salts of AMJioyfA. 

Manrer of performing the eiperimeuta— Action of digtillei] water in com- 
parison with the solutions' — Carbounte of ammoniHi, absorbed bp th-e roijts 
—The TapoiiT ab5o^be^^ bp the glands^ — -Drops on the disic^ — ^Slinnte liroj^s- 
applied to separate glands — -Leaves imniiers^ in Aveak sol ntions— Minute- 
ness of the doses vA'hich induce aggregation of the protoplasm— Nitrate of 
ammonia, analogous experiments with — Phosphate of ammonia, analogous 
experiment?^ with — Other salts of aminooia— Summary and concluding 
remarks on the action of the salts of ammonia. 

Tite chief object in this chapter is to show liow powerfully 
the salts of ammonia act on the leaves of Droserat and more 
especially to show Avhat an extrsortlinarily small quantity 
snfticos to excite inflection. I ah all therefore he compelled 
to enter into full details. Doubly distilled water 
alwaj^s used ; and for the more delicate experiments, water 
which had been prepared with tho utmost possilde care was 
given mo by Professor Frankland. The graduated measures 
were tested, and found as accurate as such measures can bo. 
The salts veere carefully weighed, in all the nioie 
delicate experiments, by Borda’s double method. But extreme 
accuracy w'ould have been suj>orfiuous, as the leaves difler 
greatly in irritability, according to age, condition, and 
constitution. Even the tentacles on tho same leaf differ in 
irritability to a marked degree. My experinicnts ■were tried 
in tho following several ways. 



Firstly . — Drops Ashich were asicertained by rejx‘ated trials to be on 
an average about lialf a minim, or the of a fluid ounce ( '0296 c.c.), 
Avere placet! by the same pointed inatrument on the discs of the leavce^ 
and the Inflection of the exterior rows of tentacles observed at succes- 
sive intervals of time. It Avas first ascertained, from between thirty 
and forty trialB, that distilled water dropped in this manner produces 
no effect, except that sometimes, though rarely, two or thrM teutaclea 
become inflect^, In fact ah the many trials with P4Autioiis which 
were bo weak as to produce no effect leatl to the same result that 
Avatcr la inefficient. 

Secondly . — The head of a small pin, fixed into a handle, waa dippea 
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iato the solution nil'll er triJiL The Biuiill drop which adhered to it^ 
^md whicli \vas much too Binall to fall off. was cautioiisly placed, hy 
the ftid of a lens, iu contact w'ith the secretion surnjunding the gland^ 
nf one, two, three, or four of the exterior tentacles ■of the .same leaf. 
Orcat care was taken that the glands themftclvea should not be 
touched. I had supposed that the drops were of nearly the Bamc sue ; 
hilt on trial this proved a great mistake. I first measured seine water, 
and removed 3CK) drops, touching the pin’s head each time on blottiEig^ 
]>aperj and on again measuring the water, a drop ivas tound to equal 
<ni an average ahcNUJ the of a minini* feoiiie vvutor in a sniall vessel 
was weighcii (and this is a more accurate method), and 300 drops re- 
moved befoi-e; and on again weighing the water, a drop was found 
Ut equal on an averaire only the of a minim. 1 repeated tiie opera- 
tion, but endeavoured this time, by taking the pin’s head out of the 
water obliquely and rather quickly, to remove as large drops as 
possible ; and tlie result showed that I had aiicccedod, for each drop 
on an average equalled y of a minim. I retreated the o|ieratioD in 
4 ?xaetly the flame manner, and noiv the drops averaged of a 
miuitn. Bearing in mind that on these two latter occasions special 
j>aiQ 5 were taken to iTcmove as large drops as possible, we may safely 
conclude that the dro[ia used in my experiments ivero at least equal to 
tlie ^ of a minim, or "002!J c.c. One of these drops could be applied 
to three or even four glands, and if the tentacles became in dec ted, some 
of the solution must have been absorbed by all ; for drops of pure w ater, 
applied in the same manner, never produced any effect, I was able to 
iiold the drop in stetuly contact with the secretion only for ten to 
fifteen seconds; and this was not time enough for the diffusion of all 
the salt in solution, was evident, from three or four tentacles treated 
iucccssivtiy with the sama drop, often becoming iuflectctL All the 
1 Unit ter in solution was even then probably not exhausted^ 

Tfurdl^. — Leaves were cut off and immersed iu a measured quantity 
of tho solution under trial ; the same number of leaves being loi- 



mersed at the Bame time, in the same quantity of the distilled water 
wdiich hail been used in making the aolution. The leaves in the tw'o 
lots were oom]>ared at short intervals of time, up to 2d lira., and some- 
iltues to 48 hrs. They were immersed by being laid as gently as 
possible in numbered watchglasflOH, and thirty minims (1“775 c-c.) of 
the solution or of water w^as |K>nrod over leaclu 

Some solutions, for instance that of carbonate of ammonia, quickly 
discolour the glands; and ai? all on the Stamc leafwei'o discoloured 
I'limultaneously, they must all have absorbed some of the salt within 
tho same short period of time^ Thia was likeivise shown by the 
s^Lmultaneous inflection of the several exterior rows of tentacles- If 
we had no such evidence as this, it might have been supposed that 
only the glands of tho exterior arid inflected tentacles hail absorbed the 
salt; or that only those on the disc liad absorbed it, and had then 
tranamitted a motor impulse to the exterior tentacles; but in this 
latter case the exterior tentacles ivonld not have become inflected 
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until some time hfni in intend of within Imlf an hour^ or even 

wit Inn a few minutes, as ustially occurred. All tiio gUnda on the 
same leaf are of nearly the same size, eis may best be seen by cQttiuf' 
off a narrow tmnsverse strip, and laying it on its side ; hence their 
absorbing surfaces are nearly eqnab The long-headed glands on tho 
extreme margin must bo excepted, as they are much longer than tho 
others j but only the iip]ier sLirface is capablo of absoqnion. Besidta 
the glands, both ^nrlaces of the leaves and the ijcdicels of tho tentacles 
Ix'ar numerous minute papillaj, winch absorb carbonate of ammonia, 
an infusion of raw meat, metallic salts, and probably many otiier 
substances, but the absorption of matter by these papilho never "induces 
inflection. We must reinemlier that the movement of each separate 
tentacle de}"«nds on its gland being excited, except when a rootor 
impulse is transmitted from the glands of the disc, and tisen the 
movement, as just stated, docs not take place iiniil some littlo time 
has cla|>seth 1 have made these remarks because they show us that 
w'hcn a leaf is in^mersed in a solution, and the tentacles are inflected, 
we can judge with some accuracy how much of the salt each gland 
has absorbed. For instance, if a leaf bearing 212 glands, l>e immersed 
in a measured quantity of a solution, containing -jfjj of a grain of a salt, 
and all the exterior tentacles, except tivdve, arc inflected, we may 
feel sure that each of the 200 glands can on an average have absorbed, 
at most of a grain of the salt. 1 tay at moat, for the papillsn 
will have aoBorbed some small amount, and so will perliaps tlie glands 
of tlie twelve excluded tentacles whicii did not become inriected. 'fhe 
application of this principle leads to remarkable conclusions with 
resjKJCt to the minuteness of the doses causing inflecliom 

Oil tJi& Action of Distilled TFu/cr in causing Infleetion, 

Although in idl the more imix>rtant experiments the difference 
between the leaves simultaneously immersed in water and in tlie 
j>everal solutiona will be described, nevcrthelesa it may bo w^ll here 
to give a summary of the effects of water. The ihet, moreover, of 
pure water acting on the glands deserv^es in itself some notice. Leaves 
to the number of HI were immersed in w^atcr at the same time with 
those in the solutions, and their state recorded at short intervals of 
tune. Thirty-two other leaves ivcro se]mrate]y observed in water, 
making altogether 173 cx| 3 eritnenta. Many scores of leaves wtig also 
immersed in water ,at other timeii, but no exact record of ilie effects 
produced was kept ; yet thof-e cursory observations sup]3ori; tho con- 
elusions arriveil at in this chapter. A few of the long-headed tentacles, 
namely from one to about six, were commonly inflected within half 
an hour after immersion; as were occasionally a few', and rarely a 
considerable number of the exterior round-headed tentacles. After an 
immerEion of from 5 to 8 lira, the short tentacles surrounding the 
outer parts of the disc generally become inflected, eo that their glands 
forma small dark ring on the disc; the exterior tentacles not ].jar- 
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taking of this tiiovement. Hence, exceiJtlnf; in a few cases hereafter 
tu be specified, we can judge whether a elution prcnluces any eElect 
only by observing the exterior tentaclcj^ ^I'ithiii the first 3 or 4 hrd. 
after immersion. 

Kow for a Biiminaryof the state of the 173 leaves after an immersion 
of 3 or 4 hry. in pure water. One leaf had almost all its tentacles 
inflected j three leaves had most of them siih'in flee ted , and thirteen 
liad on an average 36' 5 tentacles inflected. Thug seventeen leaves out 
of the 173 were acted on in a marked mpner. Eighteen leaves had 
fioni seven to nineteen tentacles inflected^ the average being 0 3 ten- 
tacles for each leaf. Forty-four leaves had from one to six tentacles 

inflected, generally tlie long-headed 






F(c, &. 

(jDmjcj-a rotiinrft/clia.) 

Ijfraf fpnUrpwl) TvUh all: tll-l* t^nt^rlcis 
clfjwly infletlfd, 1'rt.iii tmteiemiun in a 
pdutiuu of ptionplmte of inononlA 
jttrt to 67.500 of Tfater). 



oi>es. Stt that altogether of the 
173 leaves carefully observed^ 
eevcnty-nine vvei-e aflected by the 
water in fiome degree, I hough 
commonly to a very slight degree; 
and ninety-jbur were not affected 
in I he lettst degree* This amount 
of inflection is utterly insignifi- 
cant, as we shall liereafter see, 
coinjiared wdth that caused by 
very weak solutioll-S of several 
salts of ammonia* 

Plants wliich have lived for 
some lime in a rather high tem- 
l^erature arc far more sensitive to 
tile action of water than thoi?« 
grow-n out of doors, or recently 
brought into a warm greenhouse. 
Thus in the above seventeen cases, 
in w"hich the immersed leaves had 
a couBideTable nuriibei of tentacles 
inflected, the plants had bL-cii kept 
during the winter in a very warm 
greenhouse; and they boro in the 



early f^pring remark ably fine leaves, 
of a light red colour* Had I then known that the sensitiveness of 
plants was thus increased, [perhaps I should not Ijeivc used the leaves 
for tny experiments with the very weak solutions of pliosphaie of 
ammonia; but my experiments are not thus vitiated, as 1 invariably 
used leaves from the sarno plants for simultaneous immersion in ivater. 
It often hapjjened that some leaves on the same plant, and some ttn- 
taclcB on the same leaf, were more sensitive than others; but why tliLs 
should be so, I do not know. 

Besides the differences just indicated between the leaves immersed 
in water and in weak solutions of ammonia, the tentacles of the latter 
arc in most cases much more closely infiected. The appearance of a 
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leaf after inmierEioTL in a few tlrop^ of a solution of one gmin of 
jjliosphate of amtnoiiia to 200 oz. of water (i\e. one ^>art to 87^500) h 
Here reproduced : such energetic inflection is ntFcr caused by water 
alone. A\’"ith leaves in the weak solutions, the blade or lamhi'a otten 
lK?ccme5 inflected j and tills is so rare a circumstance with leaves in 
water that I have seen only two instances ; and in both of these tht* 
inflection was very feeble. Again, with leavea in the iveak solutioos 
the inflection of the tentacles and blade often goes on steadily, thouglr 
slowly, increasing during many hours [ and this again is bo rare a cir- 
ctnnstance with leaves in water that I have seen only three Instances 
of any such increase after the first H to 12 hrs. ; and in these tlireo 
instances the two outer rows of tentacles were not at all affected. 
Hence there is soinetimes a much greater diflerence between the leaves 
in water and in the weak s<:jhitious, after from B hrs. to 24 hrs., than 
there was within the fii-sst 3 hrs. j though as a general rule it is best 
to trust to the diflerence observed within the shorter time. 

With respect to the period of the re-ex ivau&ion of the leaves, wflien 
left immerseti eitlier in water or in tlic weak solutions, nothing could 
l>e more variable. In both cases the exterior tentacles not rarely 
begin to re-expand, after an interval of only from 6 to 8 hrs. ; that is 
just about the time w'hen the short tentacles round the boniers of the 
disc become inflected. Un tJie other hand tlic tentacles sometimes 
remain inflected for a whole day or even tw'o days ; but as a general 
rule they remain inflecteii for a longer i>eriod in very w'eak solntionfl 
than in water. In solutions which are not extremely weak, they never 
re-cxpatid within nearly so short a period as six or eight hours. From 
these statements it might be thought difficult to distinguish bet^veen 
the effects of w^ater and the w'caker solutions ; but in truth thcro is not 
the slightest difficulty until excessively >veak solutions are tried ; and 
tlieu the distinction, as might be expected, becomes very doubtful, 
and at last disappears. But as in all, except the fiimplest, cases the 
state of the leaves aimultaneoualy iimnei sed lor an equal length of time 
in w'ater and in the solutions wdll be described, the reader can judge for 
liLQiselh 



Caubonate of Amjiosia. 



This salt, whon absorbed by the roots, does not cans© tbo 
tentacles to be inflected. A plant was so placed in aealution 
of one part of the carbonate to 14 fi of water that the young 
imitij tired roots oonld bo observed. The terminal cells, which 
were of a pink colour, instantly became colour lesai and their 
limpid contents cloudy, like a mezzo-tinto engraving, so that 
some degree of aggregation was almost instantly caused' 
but no further change ensued, and the absorbent hairs 
not %'isibly aflfected. Tho tentacles did not bend, iwo 

I 2 



anoma university Libraries 



■miisMWMWiMaqiMWai 





IIG 



DEOSERA ROTrXDIEOLIA, 



[CjiAr. Vlt, 



other plants were placed ivitli thoir roots Biirronnded by 
damp inoBS, in half an ounce {^14* 198 of a Kohition of one 
part of the carbonate to 218 of water, and were oliservcd for 
24 hrs. ; but not a single tentacle was inflected. In order to 
]>roduo 0 this effect^ the carbonate iniist be absorbed by the 
glan ds. 

The vapour produces a powerful effect on the glands, nml 
induces inflection. Three plants with their roots in bottles, 
BO that the bu r rounding air could not have become very 
humid, were placed under a bell-glass (holdiug 122 fluid 
ounces), togotber with 4 grains of carkinate of ammonia iu a 
watch-glass. After an interval of 0 brs. 15 m, the leaves 
appeared unaflected ; but next morning, after 20 hi^., tiio 
likckcned glands were seeroting copionsly, and most of the 
tentacles weto strongly inflected* These plants soon died. 
Two other plants were placed under the same bell-ghifii^ 
together with half a grain of the carbonate, the air being 
rendered as damp as possible ; and iu 2 lirs- most of the 
leaves ivere aflected, many of the glands being blacteia.il 
and the tentacles inflected. Eut it in a curious fact thatsoiue 
of the closely adjoining tentacles on the same leaf, both on i he 
disc and round the margins, were much, and some, apparently, 
not in the least aftected. The plants were kept under the 
bell-glass for 24 hrs., but no further clmnge ensued. One 
healthy leaf was hardly at all affected, though other leaves un 
the same plant were much affected. On s<»me leaves all tlm 
tentacles on one side, but not those on tho opposite gide^ 
were inflected. I doubt whether this extremely uuetjuul 
action can be explained by Biippoaing that the more activo 
glands absorb all the vapour as quickly as it is genera ted^ 
so that none is left for the others; for we shall meet with 
analogous cases with air thoroughly permeated with tho 
vapours of chloroform and ether. 

ilinute particles of the carbonate were added to the secre- 
tion surrounding several glands. These instantly became 
black and secreted copiously ; but, except in two instances,, 
when extremely minute particles w-ere given, there was no 
inflection* This result is analogous to that which follows 
from tho immersion of leaves in a strong solution of one ;)art 
of tho carbonate to 109, or 146, or even 218 of water, for the 
leaves are then paralysed and no inflection eusues, though 
the glands are blackened, and tho protoplasm in tho cells of 
tho tentacles undergoes strong aggregation* 
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Wc uili now turn to the effects of solutions of the carlwnate. Half- 
Tuiiiimsof a solution of onopart to 437 of water were pJaccd on the dines 
4il twelve leaves j so that each received of a grain or ■ 0G75 mg. Ten 
of tlicBo had their exterior tentacles well inflected j the blades of some 
iHjiiig also much curvcil inwards. In two cases several of the exterior 
tentacles were inflected in 35 m-i but themovenient was generally slower, 
U'hesG ten leaves re-exiwmded in periods varying betw-een 21 hrs* and 
45 lira., hut in one case not until 67 hra. had elapsetl ; so that thev 
le-expanded iniicli more quickly than leaves which have caught insect^ 

The same^sixed drops tjf a solution of one part to HT5 of water w ere 
placed on the discs ol eleven leaves ; six remained quite unaflected, 
whilst five had fi-oiii three to six or eight of their exterior tetitncles 
iLiliectcdj hut this degree of Tnoveincnt can hardl}* l>e considered as 
trustwonliy. Each of these leaves rcceivetl of a grain ('0337 
mg.), distrilniteil l>etween the glands of the disc, hut thb was too 
sijudl an amount to jurodiice any decided effect on the exterior tentacles, 
tlie glatids i>f which had not themselves received any of the salt. 

Minute drops On the head of a small pin, of a scdutioti of one part of 
the carbonate to 21b of water, were next tried in the manner alx>ve 
descriljed. A drop of this kind equals on an average ^ of a in mini, 
and therefore con tail jrt ^ grain ("0135 mg*) carlionate* 

1 touched with It the viscid secretion round three glands, so that each 
gland recdvctl only ^ S/Ain ('0CH45 mg.)* Nevertlieless, in 

two trials all the glands were plainly blackened j in one case all three 
tentacles ivcre well iuHectetl after an interval of 2 lira, 40 m. ; and in 
itnoi her case two of the three tentacles were inflected* I then trietl droita 
<ff a w'cakor solution of one part to 292 of water on tw-enty-four glands^ 
always touching the viscid secretion round three glands with the fame 
iittle drH>it. Each gland thus received only the of a grain 

(*0k^337 mg.), yet Boine of them ivero a little darkened j but in, no one 
instance were any of the tentacles inflected, though they were watchctl 
for 12 hrs. When a still weaker solution (viz. one ]mrt to 437 of 
ivAter) was tritnl on six glands, no efl'cet whatever ivas perceptible* 
Wc thus leain that the xficFo ^ (■00445 mg.) of carbonate of 

amnionia, if absorbed by a gland, sufliccs to induce inflect ion in tbe 
l«SLii j:Nart of the same tentacle; but aa already statCfi, 1 was able to 
lioM wdtli a steady hand the minute drops in contact with the 
^trc^ction only for a fcwHcconds; and if more time had been allowed 
tor difluslon and al>schrption, a much w'caker solution would certainly 
have actotl, 

tSome ex|>eiimcnts were made by immersing cut-off leaves in 
p^duiions of different strengths. Thus four leaves were left for about 
<t lirn* each in a drachm (3*54ff c*c.) of a solution of one jiart of the 
carixjnate to 5250 of water; two of these hfwi almtwt every tentacle 
iniicctcd, the third Irad about half the tentacles and the fourth awut 
tme-thinl inflected ; and all the glands were blackened. AnotheMeaf 
was ]klaccii in the same quantity of a solution of one ijart to iOOO of 
water, and iu 1 hr. l<j m* every single tentacle was well inflected, imd 
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all tlio glaritk lilnckcnai. Sis leaves were imniersetl, each in tliirty 
minims ('1*774. c.c.) of a solution of one part toJ4!l75 of water, and the 
IllndB were m bleLfcened in 31 ni. All eix leaves exhibited ««ne 
slight inflectionj, and one was strongly inflected. Four leaves were 
then ininierseii in thirty minims of a solution of one^i>art to 8750 ot 
water, m that each leaf received the of a grain (■2025 mg.). 
Only one became strongly inflected ^ but all the glamU on all 
lenves were of set dark a red after one iiour as almost to deserve to be 
called black, whereas this did not occur with the leaves which were at 
the BaniQ time immersed in water; nor did water pronince this efi'ect 
on aiiv other occaBioii in nearly so short a time as an hour, T]iei?e 
cases of the simultaneous darkening or blackening of the glands froni 
the action of weak solutions are important, as they show that Jill tho 
glands abftorljed tho carbonate within the same tinae, ivhich lact indeed 
there was not the least reason to doubt. So again, whenever all the 
tentacle a become inflected within the same time, we have evidence, as 
before remarked, of simultaneous absorption* I did not count the 
number of glands on the bo four leaves ; but as they were fine ones, 
and as wc know that the average luimlier of glands on thirty-one 
leaves was 192, xve may safely aflaumc that each bore on an average 
at least 170 ; and if so, each blackened gland could have absorbe<l ouly 
of a grain (*00119 mg*) of the carbonate. 

A large numbet of trials had been previously mado with soluMons of 
one part of the nitrate and phosphate of ammonia to 43760 of water 
(i. e. one grain to lOO ounces), and these were found highly efficient. 
Fourteen leaves were therefore placed, each in thirty minims of a 
fiolntion of one part of the carbonate to the alio ve quantity of water ; m 
that each loaf received of a grain ('0405 tug.)* The glands 
were not much darkened. Ten of the leaves were not affected, 
only Very slightly so. Four, however, tvere strongly affected; the first 
having all the tfntncles,esecpt forty, inflected in 47 nu : in fj hrs. 30no 
all except eight ; and after 4 hrs. the blade itself. The second leaf 
after 9 m. had all its tentacles except nine inflected ; after 6 hrs. SOni. 
these nine were siib-inflectcd ; the blade having become much inflected 
in 4 hrs. The third leaf after 1 hr. 6 m* liad all but forty tentacles 
inflected. The fourth, after 2 hrs* 6 m., had about half its tentacles 

and after 4 hrs* all but forty-'five inflected. Loaves ivhich were 

immeraetl in water at the same time were not at all affected, witli the 
exception of one ; and this not until 8 hrs. bad elapsed* Hence there 
can be no doubt that a highly sensitive leaf, if immersed in a solution, 
so that all the glands are able to absorb, is acted on by 
grain of the carbonate. Assuming that the leaf, which was a large one, 
and which had all its tentacles excepting eight inflected, bore 170 glands, 
each gland could have absorbed only of a grain (-00024 mg.) ; 

yet this sufficed to act on each "of the 162 tentacles which were 

inflecteVi. But as only four out of the abchve fotirleen leaves were 

plainly affected, this is nearly the minimum dose which is efficient. 



A^(jregati<yn of tU rroUptoRm from the Action- of Carbonate of 








Chai\ VII J 



CAIIBONATE OF A^I^IOXIA. 



119 



I hav<! fully descril>etl in tho tliird cliaptcr the reraarka’bb 
effects of modcmtely strong doses^ of this aalt ju causuig the ne- 
gation of tho protoplasm within tlje colls of the glands aud tentacles; 
and here my object is merely to show what ainall dosefl anffiee, A 
leaf was immeraed in twenty minims (1*183 c,c.) of a solution of ono 
part to 1750 of water, and another leaf in the same qnantity of a 
solution of one part to 30G2 ; in tlio former case aggregation occuired 
in 4 m., in the latter in 11 m. A leaf was then immersed in twenty 
minims of a solution of one part to 4375 of water^ so that it received 
of ft grain ('27 mg-); in 5 na* there was a slight change of colour 
in the glands^, and in 15 m^ small spheres of protoplasm were formed in 
the cells beneath the glands of all die tentacles. In these cases there 
could not be a shadow of a doubt about the action of the solution. 

A solution Avas then made of one part to 6250 of ivater, and 1 
experimented on fourtcxin leaves, but will give only ft few of the cases. 
Eight young Icftves w^ere selected and eiamincd with care, and they 
showetl no trace of aggregation, Four of these Avere placed in a 
drachm (3 '540' c.c.) of distilled water; and four in a similar A'essel, 
with a drachm of tlie solution. After a time the lea^'^cs w"cre examined 
under ft high jxjAver, being taken alternately from the solution and the 
water. Tho first leaf Avas taken out of the solution after an immersion 

2 hrs. 40 m., and the last leaf out of tho Avater after 3 hrs. 50 m-; 
the examination lasting for 1 hr. 40 m* In the four leaves out of the 
Avater there Avas no trace of aggregation except in one specimen,, in 
Avhich a very few extremely minute spheres of protophtism Avere present 
beneath some of the round glands. All the glatids Avere translucent 
and red. Tlie four IcaA'es Avjijch had been immersed in the solution, 
besides being inllectcd, presented ft widely different appearance; for 
the contents of the cells of every single tentacle on all four leaves Avero 
conspicucusly aggregated ; the spheres and elongated massea of protch- 
plasm in many cases extending halfway down tho tentacles. AU the 
glands, both those of the central and exterior tentacles, were opaque 
and blackened; and this shoAvs that all had ftbsorixsd some of the 
carbonate. These four leaves Avere of very nearly the same sisje, and tho 
glands Avere counted on one and found to be 167. This being the casci 
and the four leaves having been immersod in a drachm of the salation, 
each gland could have receivcil on m av'erage only of a grain 

(■OOICKKJ rag.) of the salt : and this quantity sufficed to induce within 
a short time conspicuous aggregation in tho cells beneftth all the glands. 

A AugorouB but rather small red loaf Avas |tlaced in six minims of tho 
same solution (viz. one part to 5260 of Avater), so that it received 
of a grain (-0675 mg). In 40 m. the glands appeared rather darker ; 
and in 1 hr. from four to six spheres of protoplasm were formed in tho 
cells beneath the glands of all the tentacles. I did not count tho 
tentacles ; but avg may safely assume that there Avere at least 140; and 
if so, each gland could have received only tho ^ 

*00048 mg. . r 1 

A weaker solution was then made of one part to 7000 of water, and 
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four leaTcs were immcTBCtL in U ; but 1 will give only one njise. A leaf 
Wi\?} in ton minima of tliis* ablution j after 1 liiu 37 m. tlie 

Ixicame somewltat darkor, and the cells bciicatb all of tlienr now 
contained many Bplieres of aggregated pnituplasm. Tiiis leaf received 
of a grain, and bore IGG glands. Eadi gland could, therefore have 
receiva;! only y^VvHif grain (-OOOoOT mg.) of tlie cjarlxmate. 

Two other exjutini me nts ate wortli giving. A leaf was immersed for 
4 lirs, 15 in. In distilled water, and there was no aggregation ; it was 
then placed for 1 itr. 15 iin iu a little solution of one (jart to 5250 of 
Tvaterj and this excited welf-markerl aggregaiiun and inflection. 
Another leaf, after Jjiaviiig Ijeen hnnicrsed for 21 lira. 15 m. in distilltMl 
water, had its glands blackened, but there ivas no aggregation in the 
cells beneath them ; it was then left in six minims of Ujc san'iC solution 
and in 1 hr. there was much aggregation in many of the tentacles ■ in 
2 hrs. all tlie tentacles (IKi in luimlkcr) were affect ed — the agL^regadon 
extending down for a length equal to half or the ivhole of tbe gtauds. 
It is extremely improbable that these two leaves would have undergone 
aggregation if they had been left for a little longer in the water, 
namely for^ 1 hr, and _ 1 hr. 15 m*, during which time Ihcy ivcre 
immersed in the solution; for tho process of aggregation seems in- 
variably to supcn-eiie slow ly and very gradually in water. 

Summarif of the Hemlts with CarUnate of Ammonia.— Th& 
roots abhHirb the solution, aa shoivn by their changed colour, 
and by the aggregation of the conte'iita of their cells. The 
Tupour i^ absorbed by the glands ; these are blackeuLHl, and 
the tentacles are inhectufL The glands of the disc, when 
excited by a half-minim th^j> ( 02titi c.c.), containing of 
a grain (^0G75 nig.), transmit a motor impulse to the exterior 
tentacles, causing them to bend inwards. A minute drop, 
containing ^ grain (’00445 mg.), if held for a few’ 

seconds in contact with a gland, soon causes the teiitacJo 
bearing it to be inflected. It a leaf is left immersed fora few 
/ a solution, and a gland absorbs the a grain 

( U0U4B mg,). Its colour beeomea darker* though not actually 
b aek ; and tho contents of the cells beneath the daud are 
J 1 f^ggregated. Lastly, under the same circumstances, 
tLs absorpuou by a gland of tbe of a grain (-00024 

tug,) suffices to excite the tentacle bearing this gland into 
mavenicnt. ^ 

XiTRATE OF Ammonia. 

of tlie leaves, for it is 

lar IMS eHlicieut than the carbonate in causiim a^r^rroffatiun althrtufdi 

C<.ns.d.rably n.c™ potent in caosiug infiS f \xf«ilmentllll 
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liMf-minims ('020G c.c.) on the dieca of fifty-two leaves* hut will ^ivo 
only a few cases, A solutioo of one i^rttu 109 of water was too strSn^ 
causing JiM]o inflect lotij niid after LTi lira, killing* or uearly killinE 
Jour out of six leaves >vhicli were thus tricnl; each of which received 
the irh, of a grain (or ‘27 mg,)* A Rolution of 



!1 4 0 



water acteii tuost energetically* causing not only the tentaclea of all the 
Itaves, hut the blades of some strongly iiiHccted, Fourteen leavcB 
were tried with drops of a solution of one ]Bir t to «7,'> of water* so that the 



4lis3 of each received the of a grain (^OaST mg.)- Of these leaves, 



seven were very strongly acted on* the edges being generally inflected ; 
two ivere moderately iicted on ; and five not at all. I subsequently tried 
thiee of these latter five leaves with nsine, saliva* and mucus* hut they 
tvere only slightly affected ■ and this proves that they w'ere not in an 
i. . .. i ... T to sho>v how 



ai tivti condition, I nieuuori tins lact to snow now nee cssarv it is to 
experiment on several leaves. Two of the leaves, which were well 
lallectcd, re-exfiaiidcd after 51 hrs. 

In the fullo^iing ex|jefiiiicnt I hapf>encd to select very Bensitive 
leaves* llalf-mhuins of a solution of one j>art to 1094 of water (ne. 
1 gr, to 2i OK.) w ere placed on the discs of nine leave a* so that each 
receiveil the of a grain (*027 mg,). 'J'liiree of them had their 
tenUaclea strongly inflect ed and their blades curlctl inwards j five were 
slightly and someivhat doubtfully affectetl, having from three to eight 
of their exterior tentacles inflectetl; otic leaf was not at all affected* 
yet was afionvards acted on by saliva. In six of these eases* a tnice of 
action was perceptible in 7 hrs,* hut the full effect “was not prociuced imtd 
Itym 24 hrs, to 30 hrs. had ehijised. Two of the lea ves^ which wTreonly 
slightly inflected, re-ex jBinded after an aiiditional interval of 19 lira, 
Hull -minims of a rather weaker solution* vik* of one part to 1312 
of vyatcr (1 gr, to 3 oz.) were tried on fourteen leaves; st> that each 
received a grain (*022,t mg,)^ instead of, as in the last espori- 

inent, of a grain, Uhe blade of one was plainly inflected, as wore 
of the exterior tentacles ; the blade of a second was slightly, and 
tiivo of the exterior tentacloii well inflected* all the other tentacles 
l>eing curled in at right angles to the disc; three other leaves had from 
five to eight tenU^des inflected ; five others only two or three, and 
occasionally* though very rarely, drops of ]iure xvater cauRe this much 
notion; the four remaining leaves were in no way aflccted* yet three of 
them, when subsequently tried with urine* became greatly mfleeied, 
In most of thci-e cascf^ a slight eflVct was i>erceptible in fiom G hrs, to 
7 hrs*, but the full eftect was not jwoduced until frotii 24 lira, to 30 
hrs. bad elapsed. It is obviou.R that we have reached very nearly the 
minimum amount* which, distributed l>etivccn the glands of tho disc, 
acts on the exterior tentacles; these having themselve^i not received 
any of the solution. 

V 

In the next place, the viscid secretion round three of the exterior 
g’ands was touched w ith the same little dmp of a minim) of a 
B^jlutloii of one part to 437 rtf w'atcr; and after an intcn.'al of 2 hrs. 
50 tn. all three tentacles ■were well inflected* Each of theso glands 
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could Iiftve receivetl only the ^ gritin* or ^'00225 mg. \ 

liUle drop of the same wiiie and strength was also applied to four other 
glands, and in 1 hr. two became inflected, whilst the other t^vo never 
iiiuved. We hero set% aa in the case ot the half-minima pdticeii on 
tlio difics^ that the nitrate of ammonia is more indent in causing 
in flection than the carlx^nato \ for minuto drops of the latter salt 
of this strength produced no effect. I tried miiuUo drops of a still 
weaker solution of the nitrate, viz* one part to 875 of water, on 
twenty-cme glands, but no effect whatever was prwlucedj except 
2 >erhapa in one instance* 

8’ixty-three leaves were immersed in sohitions of various strengths j 
other leaves Ix^ing imniersetl at the Skime time in the same pure water 
used in making the solutions. The results are bo reniarkable, though 
kas so than with phosphate of ammonia, that 1 must describe tlie 
expertments In detail, hut I will give only a few. In shaking of the 
fiucces. 4 iv 0 periods wt^en inflection occurred, 1 always reckon from the 
time of first immci^iion* 

Having made some preliminarv trials as a guide, live leavcH wora 
placctl in the same little vessel in thirty minims of a solutwi of m& 
jjart of the nitrate to 7875 of water (1 gr, to 18 oz.) ; and this amount 
of fluid just siifhced to cover them* After 2 hrsi* 10 in, three: of the 
leaves w^ere coneiderabiy inflected, and the other two moderatelj. The 
glaniis of all became of so dark a l ed as a' most tf> desHL'rvc to called 
black. After 8 hrs. four of tho leaves hful all their tentacles more or 
less iiiflected ; wldlst the fifth, wdrich I then perceived to iKe an old 
leaf, had only thirty tentacles inflected. Next morning, after 23 hrs, 
40 m*, all the leaves? iivcve in tlie same state, excepting that the old 
leaf liiid a few more tentacles inflected. Five leaves which had iTeen 
placed at the same time in water were observed at the same intervals 
uf time; after 2 hrs. 10 m. two of them had four, one had seven, one 
had ten, of the long-headed marginal tentacles, and tlie fifth had four 
round-headed tcniacles, inflected. After 8 hrs. there ivas no chance 
ill these leavcE, and alter 24 hrs. all the rnargiriul tentacles had re* 
exy^mded ; but in one leaf, a dozen, and in a second kaf, half a dozen, 
subinarginal tentacles had become inflectcil. As the glands of tho 
five leaves in the soliition were simultaneonsly darkened, no doubt 
ihey had all absorbed a nearly erynal amount of the salt: and as 
ot a grain was given to the five leaves together, each got of a 
grain ( 045 mg.), 1 did not count the tentacles on these leaves, which 
w’ere moderaUdy fine ones, but as the average mimlwr on thirty^one 
leaves was 192, it would be imle to assume that each bore on an average 
at least 160. If go, oflch of the darkened glands could have received 
of grain of the nitrate ; and this caused the inllectiou of 
a great majority of tlic tentacles. 

This plan of immersing several leaves In the same vessel is a had 
cne, as it is imjxjssible to feel sure that the more vigorous loaves do 
not rob the weaker ones of their share of the salt. The glands, more- 
over, must often tonch one another or tho sidcE of the vcbscI, Eind 
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movement may have heen thus excited j but tlie cOTresjxmdiD^ leaver 
in water, wlncii \vere littk inHected, tlioiigh rather more 'm than 
commonly occurs, were exposed iiTi an almost equal degree to theses 
stvme sources of error, f wiil> therefore, give only one other experiment 
made ui thiii mamier, though many were tried and all confirmed tlio 
foregoing and following results. Four leaves were jdaced in forty 
minims of a solution of one part to 10,500 of water ; and assuming that 
they ah&orbai equally, each leaf received of a grain (■05fi2 mg.). 
After 1 hr. 20 m. many of the tentacles on all four leaves wc:& 
eomewliat inflecte^l, After 5 hrs. 30 m, two leaves had all their 
tentacles inflected; a third leaf all except the extremo marginals,, 
which seemed old and torpid; and the fourth a large nutnl>er, After 
21 hrs. every single tentacle, on all four leaves, was closely in fleet ed^ 
Of the four leaves placed at the same time in water, one had, after 
5 Ill's. 45 in., five marginal tent-acles inflected ; a second, ten ; a third,, 
nine marginals and submarginals ; and the fourth, twelve, chiefly anb- 
marginals, inflect eii. After 21 hrs. all thr-se marginal tentacles re- 
ex|tiinded, but a few of the siibmarginals on tw^oof the leaves remained 
slightly curved inwaivis. The contrast was wonderfully great hictween 
these four leaves in water and those in tho solution, the latter having 
evory one of their tentacles closely inflected. Making the mcKleratti 
assumption that each of these leaves bore 150 tentacles, each glalut 
could have absorbed only ^ grain (‘000351 mg,)^ Thid ex- 

periment was roi>eated on three leaves with the same relative amount 
of the solution; and after 6 hrs. 15 m. all the teutaclea except nine, 
on all three leaves taken together, were closely inflected. In thia ca-^o 
the tentacles on each leaf i,vcre counted, and gave an average of 152 
l>er leaf. 

The following experiments were tried during the summer of 1873, 
by placing the leaves, each in a separate watch-glass and polliiug over 
it thirty minims (I‘775 c.Ch.) of the Eolution ; other leaves being 
treated in exactly the same manner with the doubly distilled water 
used in making the ijolutions. The trials alxrve given were made 
several years before, and when I rend over my notc^H, 1 could not believe 
in the results; so I resolved to l>egin again with moilerately strong 
sclutionf^^ Six leaves were first immerfictl, each in thirty minims uf 
a solution of one part of the nitrate to 8750 of water (1 gr. to 20 ok.), 
so that each rcccivci of a grain (’2025 mg.). Belore 30 m. had 
elapsed, four of these leaver were immensely, and two of thein m^cr- 
ately, inflected. The gknds ’cvere rendered of a dark red, The ’four 
conei^poilding leaves in water were not at all affected until 0 hrs. 
had e tailed, and then only the short tentacles on tiie boixlcra of the 
disc ; and their inflection, ns previously explained, is never of any 
significance. ^ * 

Four leaves were immersed, each in thirty minims of a eomtioii of 
one part to 17,500 of water (1 gr. to 40 osc.), flo that each received 
of a grain ('101 mg.); and in less than 45 m. three of them had all 
their tentacles, except from four to ten, inflected ; the bla<le of one 
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\yo\ag inficctcrl nfter C lirs., and tltc Mada of a accnud fifter 2l hrs. 
Thu foiirtli leaf was not at all affected* 'I’ho gland a of nooe ticre 
<ibukened- Of the corrtfii>ondiiJg leaver iii wateri only cttio had any ol 
ltd Citerior tentacle^ namely five, inflected ; after 0 lirs. in one cahc, 
and after 21 hrs- in two other casen, the short tentaclc^i on the bf^rdcru 
of the disc hurnied a ring, in the niantier. 

Four leaves were immersed, each in thirty minims of a solutton of 
one part to 411, ToO of 'water (1 gri to lOO o^.}, bo that each leaf got 
of a grain ( ‘0405 mg.). Of tliesCj one wti^i much itdkctcd in 8 m., 
and after 2 hr^* 7 m. had nil the tentacles, except thirteen, inflected. 
The second leaf, alter 10 m., had all except three inflected. The third 
and fourth ivere hardly at all affected, scarcely more tlian the cor^ 
responding leaves in water. Of tlie hurer, only one wns affected, this 
liavitig tuo tentacles inliectOLl, with those on tlie outer jiarts of the 
disc forming a ring in tlte usual mannei% In the leaf which had all 
irs tentacKs except three in fleeted in 10 m., each gland (assuming 
ilut the leaf Ime IGO ten tiicle.H) could have absorbed only of 

a grain, or *000258 mg. 

Four leaves were Ee|iarately immersed as before in a sclution of one 
part to 131,250 of water (1 gr, to 500 oz.), so that each received 
of a grain, or *0135 ing. After 50 m. one leaf had all its tentsielea 
except Jiixteen* and after 8 hrs. 20 m* all but fourteen, inflected* The 
second leaf, after 40 in , had all but twenty inflected ; and after 8 hrs. 
10 m* began to re-ex pand. The tliirii, in 3 hrs. liad about half its 
tentacles inflected, wddcli iiegan to re-expand after 8 hrs. 15 m. The 
fourth leaf, after 3 hrs. 7 m., had only twenty-nine tentacles more or 
less inflected. 31m 3 three out of the four leaves W'cre atrongly acted 
on. It is clear that very sensitive leaves had been accidentally 
selected. 3"he day moreover wa.'? hot. The four eorrea}Hjndiiig leaves 
in water were likewise acted on rather more than is usual; for after 

lira, one liatl nine tentaclea, another four, and another two, and the 
fourth non?, inflected. With res[x^ct to the leaf of wliich all the 
tentadet*, e.xecpt sixteen, wem inflected after 50 m., each gland (as^ 
suiiung that the leaf boru 100 tentaele&i) could have absorbed only 
oViVoo ^ gfoiii (■0000937 mg.), and this ap^tcars to be about the 
least quantity of the nitrate which auflices to induce the inflection of 
IV single tentacle. 

Aa negative resulta arc impoHant in confirming the foregoing iwsitive 
ones, eight leaves were immersed aa l>efurt% each in thiity minims of 
a solution of one part to 175,000 of water (1 gr. to 400 oz.), so that 
each received only of a grain (*0101 mg.). This minute quantity 
pri.iduced a slight efl'ect on only I'oiir of the eight le.avcs. Une had 
tifty-slx tentacles inflected after 3 hrs. 13 nn; a sec*>nd, twenty-six 
inflected, or aub-inflected, after 33 m. ; a third, ciditceu inflected, after 
1 hr. ; and a fourth, ten inflected, after 35 ra. The four other leaves 
^vere not in the least affected. Of the tight corresponding leaves in 
water, cue had, after 2 hrs. 10 m., nine teiuade^s, and four othc]^ from 
omi to four long-headed tentacles, inflected j the lemaining three being 
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unafTectetL }Ieiicc, thu of a grain given to a scnEitlvo leaf tkirhi':, 
Avarm weather perhaps protluees a slight effect; but avc mw^t bear in 
mind that occasionally water causes as great an amount of iuflectii n 
as occurred iu this last exi^eriinent* 



Snmmary of the TtesuUs with Nitrate of Amvwnla. — ^Yho 
g;latula of the diBO, whoti excited hy n half-miiiim drop 
■02JH? c*c.), containing ^tVct * grain of the nitraio 



’027 mg,), tmnainit a motor iin pulse to the exterior ten tad ch, 
ir tin 



causing thcni to bend inwards, A miimitc drop, containing 
of a grain (■00225 mg,), if held fora few seconds in 
eentact with a gland, causes the tentu-cle bearing this gland 
to bo inflected. If a leaf is left immerse J for a feAv hours, 
and sometimes for only a few minutes, in a mdiuion of such 

' of a 



strength that each gland can absorb only the irirr^iRF 



grain {'0000037 mg.), this small amotint is enougli to excite 
each tentacle into movement* and it becomes closely in- 
fleeted. 



PHOSf'HATB OF Am3ION1A, 



This salt is more powerful than the nitrate* even in a 
greater degree than the nitrate is more powerful than the car- 
bonate^ This is shown by weaker solutions of the phosphate 
acting when di\>ppcd on the discs, or applied to the glands of 
the exterior tentacles, or when leaves are immersed. The 
difference in the power of these three salts, as tried in three 
different w'ays, supports the results presently to be given* 
which are so surprising that their credibility retjuires every 
kind of supjK>rt. In 1872 I experimented on tivelve immersed 
leaves, giving each only ten minims of a solution : but this 
was a b^^d methyl, for so small a quantity hardly covered 
them. Xone of these experiments will, therefore, Im given, 
though they indicate that excessively minute doses aro 
efficient* \Yhcn I read over my notes, in 1873* I entirely 
disbelieved them, and determined to make another set of 
experimenta with scrupulous care* on the same i>hui as those 
made with the nitiute ; namely hy jdacing leaves in waph 
glasses, and pouring over each thirty minims of tho solution 
under trial* treating at the same time and in the same 
manner other letivea w ith the distilled ivater used in making 
the EolutiouE. liming 1873, Bcventy-ono leaves were tliiis 
tried in solutions of various strengths, and the same number 
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in water, Not withstand in g tho care taken and the number of 
the trials maclej when in the following year I looked merely 
nt the results, without reading over my observations, I again 
thought that there must have been some error, and thirty-five 
fresh trials were niacle with the iveakest solution j but the 
results were as plainly marked as before. Altogether, lOG 
earefully selected leaves were tried, botli in water and in 
solutions of the phosphate, lie nee, after the most anadous 
consideration, I can entertain no doubt of the substantial 
accuracy of my results. 

Before giving iny exT?eriments, it may be well to premiso that 
orystallifiCd phosphate of ammonia, such as I used, contains 3r3-3S 
pKir cent, of water of crystallisation j so that iu all the following 
trials the efficient elements formed only 64^07 per cent, of the 
■salt used. 

Extremely minute particles of the dry phosphate were placed with 
the point of a needle on the secretion surrounding several glands. 
'J’hese poured forth much secretion, were black euedj and uitimatoly 
died; hut the tentacles moved only slightly. The dose, small as it 
was, evidently was too great, and the result was the same aa with 
piarticles of the carbonate of ammonia. 

Half-tnintrns of a sc4ution of one part to 437 of w'ater w^ere placed on 
the discs of three leaves and acted most energetically, causing the 
tenlade-J4 of one to be inflected in 15 m,, and the blades of all three to 
ho much curved inwards in 2 hrs. 15 m. Similar drops of a solution 
of one part to 1312 of w^ater (1 gr. to 3 oz.) were then placed on the 
discs of five leaves, bo that each receivctl the ^ grain (’0225 mg.). 

After S hrs. the tentacles of four of them were considerably inflects, 
and after 24 hrs. the blpules of three. After 48 hrs. all five wore almost 
lully re-expandod. I may mention with respect to one of these leaves, 
that a drop of ivater had been left during the previous 24 hrs, on its 
disc, hut produced no effect ; and that this w’as hardly dry when the 
solution Avas added. 

Similar drops of a solution of one part to 1750 of water (1 gr. to 4 
■oz.) were next placed on the diaca of sis leavca ; so that each received 
auhb of ^ grain ('0109 mg.); after 8 hrs, three of them had many 
tenlacl'efl and their blades Inflected ; two others had only a few tentactes 
i^lightly inflected, and the sixth was not at all affected. After 24 hrs. 
most of the leaves had a few more tentacles inflected, but one had 
begun to re-espand. We thus see that with the more sensitive leaves 
'^1' ^ absorbed by the central glands, is enough to inahe 

many of the exterior tentacles and the blades bend, whereas the 
of a grain of the carbonate similarly given produced no effect; and 
'ii's*‘no ^ grain of the ni irate was only juat sufficient to produce a well-’ 
marked effect. 

A minute drop, about equal to of a minim, of a soluliou of one 
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part of tlio plio&pliate to ST5 of water, was applied to the secretion o]i 
three glands, each of whicli thus receiv^ed only b t~ gIm > ^ ('OOil^ 
jng.), and all three tentacles became inflectc<l. Similar drops of a 
solution of oue jwiirt to 1312 of water (1 gr. to 3 oz.) were now^ tried on 
three leaves j a drop being applied to four glands on the same leaf. 
On the firat leaf three of the tentacle& became slightly inflected in 6 m/ 
and re-exiKinded after 8 hrs, 45 m. On the second, two tentacles 
became sub-inflcctcd in 12 m. And on the third all four tentacles 
were decidedly inflected in 12 m. j they rcmainei.i so for 8 hrs. 30 m., 
Tmt by the next momiiig ^vere fully riL;-csi>anded. In this latter case 
each gland could liavo received only the ^ i (or "000563 mg.) of a 
grain. Lastly, similar dro]>a of a solution ■ of one j>art to 1750 of 
water (1 gr* to 4 oa.) were tried on five leaves j a drop being applied 
to fonr glands on tha same leaf. Tlio tentacles on three of these 
leaves were not in the least affected;, on the fourth leaf two becamo 
inflected; whilst on the fifth, winch hapjwned to bo a very sensitive 
one, all four tentacles were plainly inflected in 6 hrs, 15 m. ; but only- 
one remained inflected after 24 hrs, I should, however* state that hi 
this case an unusually large drop adheretl to tho head of the pin. 
Each of these gknds could have received very little more than yis^t^ 
of a grain (or "000423); but this small quantity sufficed to cause 
inflection* We must Ijear in mind that these drops were apphtdi to 
tlio viscid secretion for only fiom 10 to 15 seconds, and wo have 
good reason to l>elieve that all the jffiosphate in the t«>lution would not 
bo diffused and absorbetl in this time. We have scon under the eamo 
circumstances that the absorption by a gland of of a grain of the 

car1:»ortate* and of of a grain of the nitrate* did not cause tho 
tentacle bearing the gland in question to be inflected; so that hero 
again the phosphate is much more powerful than the other two salts. 

I 

Wo will now turn to the K)6 cx[>eriTnent3 with immersed leaves. 
Having ascertained by repcate?! trials that moderately strong solutions 
were highly eflioient* 1 commenced with sixteen leaves, each placed in 
thirty minims of a solution of one i^art to 43,750 of waller {1 gr, to lOJ 
oz.); BO that each received of a grain, or 'OIOSS mg. Of these 
leaves, cloven had nearly all or a great number of their tentacles 
inflected in 1 hr.* and the twelfth leaf in 3 hrs. One of the eleven had 
every single tentacle closely inflected in 50 m* Two leaves out of Ihe 
bixteen were only mcnlerately attected, yet more so than any of those 
simultaneously immersed in water ; and tho remaining two, which 
were palo leaves, were hardly at all aficcted. Of the sixteen corre^ 
^ponding leaves in water, one had nine tentacles, another six, and two 
others two tentacles inflected* in tho course of 5 hrs* So that tho 
contrast in appearance between the two lots was extremely great. 

Eighteen leaves wero immersed, each in thirty minims uf a solntion 
of oue part to 87,500 of water (1 gr* to 200 oi!.), so that each received 
of a grain ('0202 mg.). Fourteen of these were strongly 
luriected within 2 hra., and some of ihem vdthin 15 m. ; throe out of 
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tho eighk'on wero only slightly aflfecteilj liavhig twenty-^>Tle, ninetem^^ 
and twelve tentacles inflected j and otic waa not nt nil acted on, 
an accident only fifteen jnatend of eighteen leaveH were iintucrsccl «t 
the ajinio lime in water; these were observed for 24 lirs^; one hsid 
another four) ai^d a third two, of their outer tentacles inflected; tiio 
reniiainder being quite unaffected* 

Tho next exj-criment was tried under very favotirablo circniustancf-s, 
for tlie day (July 8) waa very wann, and I haj^iKstied to have 
unusually line leavefl* Five were immersnd as liefure i[i a solution of 
on© pirtto 131,250 of water (1 sir. to 300 oz*), so that each nceivtd 

1 of a grain, or *0135 mg, After an immersion of 25 m. ai I five leaves 
war^ much inflected. Att-cr 1 hr. 25 rn. one leaf had nil but eight 
teutacles inflected ; the second, all but three; the third, ail but five; 
the fourth, all but twenty-three; the fifth, on the other hand, never 
IkkI more thatr twenty-four inflected* 01 the corrcsl>onding five leaves 
in water, one had seven, a setoiid two, a third ten, a fourtii one, and a 
fifth nn>ne inflected. Let it bo olnserveil what a contrast is presented 
l>etween these latter leaves and those in the stdutioii* I counted thu 
glands on the second leaf in the solution, and the number w'aa 217 ; 
asiuniiug that the three tentacles ’which did not become in flee tod 
abse'jrljcd nothing, we find that each of the 214 remaining g lands ctiuld 
have alasorbed only of a grain, or *0000031 rng. The third 

leaf bore 230 glaiidu, and subtracting the five w^hich did not become 
inflecteil, each of tho rermiiidng 231 glands could have absorlied only 
TToiUtio ^ grain (or *0000584 mg*), and this amount sufficed to 
cause the tentacles to bend* 

Twelve leaves were tried as before in a solution of one part to 
175,000 of water (1 gr. to 400 oz.), so tViat each leaf received ^ 

grain (’0101 mg*)* ily plants were not at tho time in a goou state, 
and many of the leaves ’were young and pale* Nevertlmless, tw'o of 
timm had all their tentacles, except three or four^ closely inflected in 
under 1 hr. Seven w'crc considerably affected, some within 1 hr*, and 
others not until 3 hrs., 4 Iirs. 30 m., and 8 bi’R, had elapsdl; and this 
slow action may be attributed to the leaves being young and pale. 
Of thes:=o nine leaves, four had their blades well inflected, and a fifih 
slightly so. The three remain iiig leaves were not aflbeted. IVith 
respect to the twelve corresponding leaves in vvater, not one had its 
blade inflected; after from I to 2 one had thirteen of its outtr 
tentacles inflected; a sea>nd sbi, and four others either ono or two 
inflected. After 8 hrs* tho outer tentacles did not become more 
inflected; wheiuas tins occurretl with the leaves in tho solution. I 
record in my notes that after the S brs. it was impossible to compare 
the two lots, and doubt for an instant the power of the solution. 

Tw*o of the above leaves in tho solution had all their teutaclcs, 
except three and four, inflected within an lioiir* I counted their 
glands, and, on the same principle as before, each gland on one IcJif 
could have abaorbcd only TTdtTuuj fbe other leaf only TifhriJU 

of a grain of tho phosphate* 
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Twenty leaves were immersed in the iiaual maimer, eacVi in tliirtv 
minims of a solution of one part to 2lt^J"iO of waier (1 to :j00 ok. 1 
So many leaves were trieil becirnso 1 was then nneier the false hn- 
]>icsision that it was inerediblo that any weaker solntioii could prodnee 
AH ell cot. Each leaf receivtxl of a grain, or *0081 mg. 1 ho first 
eiglit leaves which I tried hotli in the a^ilutirm and water w'ero either 
young ftini pale or Um old ; and the weather was not hot. Tliey were 
hardly at all afiectcxl; ncvertlieless, it wonhl lie unfair to cxctiide 
them, I then waitdl imlil I had got eigiit pairs of fine leaves, and the 
weather was favourable, the tem^Ku-aturG of the room where tlie leaves 
were immersed varying from 75° to 81*^ (2d^ B to 27^'2 Cent*). In 
atioiber trial witli loitr |iaiis (inchidctl in the ab>vo twenty jiairs), the 
temperature in my room ^vas rather low, alxjut (K>^ (15°'5 Cent.); hut 
the plants had been kept for several days in a very wann greenhouse 
and thus rendered extremely sensitive. 8fK?cial jirecau lions were 
taken for tliis set of experiments ; a chemist weighed for me a grain in 
an excellent lialance; and fresh water, given me by Professor Fnifik- 
land, was carefully tJicasured* The leaves were selected, fnnn a large 
number of |)lants in the following manner: the four finest weie 
inunersetl in water, aiul the next four finest in the solution, and so on 
till the twenty pairs Avere complete. The water &i.xxjimens w'ere thus a 
little favoured, but they did not undergo more inflection than in the 
previous cases, coinpuiatively with those in the Kolution, 

Of the twenty leaves in the solution, eleven liccame infleeteii within 
eight of them plainly and thret; rather doubtfully; but the 
latter had at least twenty of tlielt outer tentacles inflected* Owing U> 
the w'eakness of the solution, inflection occurred, except in No. 1, 
mucli more slowly than in the previous trials, 'i lie condition of the 
eleven leaves which were considerably inflected will now lie given at 
stated intervals, always reckoning from the time of immersion : — 

(1) After onlv B in. a lai^e number of tentade-s inflected, and after 
17 m. all but tifteen; after 2 hrs. all but dglit ioflected, or plainly 
sub‘inflect&.l. After 4 lirs* the tentacles began to re^expand, and such 
prompt re-expansion is tmusual; after 7 hra. 30 m* they were almost 
fully le-expanded* 

(2) After 2^ m. a large ntmibcr of lentades inflectwl ; after 2 hrs. 
IS m* all but twenty- five inflected; after 4 hrs. 17 m* all but sixteen 
inflected. The leaf remained iu this slate for many hours. 

(3) After 12 m. a considerahle amount of inflection; after 4 lirs. all 
the tentEudes inflected except those of the twTi outer rows* and the leaf 
remained in tlus slate for soma time ; after 23 hrs. began U* re-cxptnd. 

(4) After 40 m. much inflection; after 4 hrs. 13 m* fully half the 
tentacles inflected; after 23 hrs. still slightly inflected. 

(o) After 40 m* much inflecliotL ; after 4 hrs. 22 m. fullj’^ lialf the 
tentacles inflected ; after 23 hrs+ Still slightly inflected. 

(fl) After 40 m* some inflection ; after 2 hrs. 18 m* abuut twenty- 
eight outer tentacles inflected; after 5 lirs. 20 rn, about a third of the 
tentacles ioflected; after B hrs. much re-ex [.landed* 
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(7) After 20 m. some inti fiction ; after 2 Iith. a conpiUerable number 
of tentaclcii inilectficl ; after 7 4ij ni* Ijt'^an to Te-exf»irml, 

(d) After 3H m. twenty -liglit teiitadfia iEjflected? alter 3 lire. 45 m, 
thirty-throe inflocted, with iiKiflt of the submart^inal tentacloa wuIj- 
iutlected; continued bo for two day«, and then partially re-oxpandod, 

(D) After 38 rn. forty-two tontados jrjhecte<3; after 3 hts. la nu 
Bixty-ftix intlecteLl or siilHiiflectod ; iiftcr G hrs* 40 m. all but twemy- 
fjvir inticctcd or snl>in fleeted ; after 0 hra, 40 in. all but severitten 
in fleeted j alter 24 hrs. all but four hi fleeted or sub-intlcctcd, only a 
few Ix'ing eitiflcly inflected; offer 27 3]!^* 40 nu tlie blade intlecied. 
The leaf remained iu tldii Biate for two days, and then began to re- 
exjijind. 

(10) After 38 m. twenty-one lontadca inflected; after 3 liri?. 12 m* 
forty-six tentacles inflected or sub-inflected ; after G hr&. 40 m. all but 
seventeen inflecteti, though none closdy ; alter 24 hrs- every tentacle 
sliglitly curved iuwanlrt ; after 27 hrs. 40 m. blade strongly infle^tetl* 
ami wj eotiUnued for tw'o diiys^ and then the tenta^^iles and bkde vei v 
slowly Tc-cxf)auded^ 

(11) This fine dark red and rather old leaf, though not very large, 
bjre El a extraordinary numi>er of tentacles (viz. 252), and bdiaved in 
an anoinalouB manner. After 6 hrs. 40 m. only the short tenUdes 
round the outer of tlie disc were inflecteil, forniiug a ring as so 
often occurs in from 8 to 24 hrs. with leaves both in water and the weaker 
t^>lution.^. But after U hrs. 40 m. nil tlie outer tcntficlew except 
tweiity-fivc were in fleeter 3, as was ihe blade in a strongly marked 
manner. After 24 lira, every tentacle except one was closely inflected, 
and the blade was completely doubled over, fl’hus the leaf remained 
for two days, when it begun to re-ex pand. 1 may add tliat the three Utter 
lEjfives (Kos. 0, 10, and 11) were still simiewhat inflected after three 
day«. The tentacles in but few' of theaa eleven leave:S becaiue desc/y 
iutieeted within ao short a time as in tlie previous cxpcii meats with 
etronger Bolutions. 

Wc will now' turn to the twenty corresponding leaves in water. 
Nine hail none of their outer tentacles inflected ; nine otliers h?td from 
one to three inflected ; and these rc-cxj landed after 8 lira. The 
remaining tiiYo leaves w^ere motierately afi'ected ; one having six tentacles 
inflected in 34 m, ; the other, twenty-three inflected in 2 hrs. 12 rtn; 
and both thus remained for 24 lu's. None of these leaves bad their 
biafiles inflected. So that the contrast Vtetween tiie twenty leaves in 
^vatfir and the twenty in the solution was very great, both witlun the 
first hour and after from 8 to 12 hrs. Imd ulai>^C 5 ii. 

Of the leaves in the solution, the ghmds on leaf No. 1, wfliich in 2 
hrt^. had^all its tentacleH except eight inflecttH'i, \vere counted and fouiid 
to be 202. Subtracting the eight, each gland could have received oulv 
the of a grain ( 0000411 mg.) of the phosphate. Leaf Xo. a 

had .il3 tfjtitaeles, all of w'bich, wdth the exception of lour, were 
mflected after 24 hrs., hut none of them closely ; tlie blade was aUo 
inflected ; each gland could have received only the of grtiin, 
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or ‘0000387 mg. Lai^tly, leaf Xo. U, wbicli ]md after 24 lira, all its 
tentacles, except one, closely as well as the blaJcj bore the 

unusually large number of 252 tentacles j an5, on the same principle 
as before^ each gland could have absorljetl only the jfoTSiutm ^rain 
-or ‘0000322 nig. 



With resiiect to the following experiments, I must premise that the 
leaves, both those placed in the solutions and in water, were taksn 
fmtn ]>lantg which had Ixien kept in a very xvami grecnhoiise duriiio^ 
the winter. They Wei's thus rendered extremely sensitive, as was 
shown by water exciting them much more than in the previous 
ex|)eriment5. Before giving my observations, it may be well to remind 
the reader that, judging from thirty-one fine leaves, the average 
number of tentacles is 1&2, and that the outer or exterior ones, the 
movements of which are alone significant, are to the short ones on the 
disc in the ]>ro|X>irtion: of about sixteen to nine* 

Four leaves were immersed as l>efore, each in thirty minims of a 
solution of one jiart to 328,125 of water (I gr* to 750 oz.)* Each leaf 
thus received of a grain (*0054 mg.) of the salt i md all four 

were greatly iimecteih 



(1) After 1 hr* all the outer tentacles but one inflected, and the 
blade greatly w j after 7 hrs. began to re-expand* 

(2) After 1 hr. all the outer tentadcs but eight inflecteil ^ after 12 
hrs. all re-expandcd* 

(3) After 1 Jir* much inflection j after 2 hrs. 30 ni. all the tentacles 
but thirty- six inflected j after fi Jirw* all but twciity^two inflected; 
after 12 hrs. ]iartly re-e.\pandod. 

(i) After 1 Jir* all the tentacles but thirty-two inflecteil; after 2 
hrs. 30 m. all but tw'enty-oue inflectei.1; after t! hrs, almost re- 
expanded. 

Of the four corresjionding leaves in water : — - 

(1) After 1 hr* forty-five tentacles inflected; but after 7 lirs* so 
Tnaoy had re-expanded that only ten rcTnaincd much indecteLl. 

(2) After 1 hr. seven tentacles inflected; t1icne were almost re- 
-expanded in G lirs* 

(3) and (4) Not affectetU except that, as usual, after 11 hrs. the 
short tentacles on the borders of the disc formetl a ring. 

There can, therefore, be no doubt about the efficiency of the above 
solution; and it follo^vs as liefore that each gland of No. 1 could have 
absorbed only “ grain (' 00002 G8 mg*) and of No. 2 only 

^ grain ('0000263 mg*) of the phosijhate* 



Sev'en leaves vrere immersed, each in thirty mininxs of a solution of 
one i>sirt to 437,500 of ivater (1 gr. to 1000 oe;*). Each loaf thus 
received xo^Tyn of a grain ("0040r3 mg,). The day was warm, and the 
leaves were very fine, so that all circumHitanccB w^erc favourable. 

(1) After 30 m* all the outer tentacles except five inflected, and 
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iiiost of them ck>«eiy ; after 1 hr. blade alightly inflected ; after [I lirw. 
oO m. to re-exjiand. 

(2) After 33 in* all Ihe outer tentfioles but twenty-five inflected, and 
blade filiglitly after 1 hr* 30 m. bhvle strongly inflected and 
remained su for 24 lirs. ; but Bome of the tentacles had then ry^ 
ext>ruided. 

(3) After 1 lir. all but twelve tentacles inflected j after 2 hi-^ii* 30 m. 
all but nine infiectefl ; and of the inflected tentivclca all excepting imp 
closely; blade slightly inflected. After S his, bWle c|uite doubled up, 
and now all the tentacles excepting eight closely inflected. The leaf 
remained in this state for Iw'o days. 

(4) After 2 hrs. 20 m, onl}^ fifty-nine tentacles inflected; but after 
fi hrs. all the tontaclca closely inflected excepting tw^o which were not 
uflected, and eleven which w^re only gu Ivin flee ted ; after 7 hrs. bltide 
considerably inflected; after 12 hrs. much rc-expansion. 

(5) After 4 hrs, all the tentacles but fourteen inflcctetl; after & lira, 
30 m. beg i mil to re-e.vpand, 

(ti) After 1 nr, thirty-six tentacles infloeted; after 5 hr.s* all but 
fifty-four iiiflefsted; after 12 hrs, considerable re-expansion, 

(7) After 4 hrs* 30 na. only thirty-five tentacles iu fleeted or sub- 
inflected, and this small amount of inflection never increased. 

Xow' for the seven coireaiionding leaves in water: — 

( 1 ) After 4 hrs* thirtj^-eight tentacles inflected ; but after 7 hi-s. 
these, with the exception of siXj re-ex fxanded, 

(2J After 4 lira* 20 uu twenty inflected; these after 9 hrs, partially 
I'c -expanded. 

(3) After 4 hrii. fi\!e inflected, which, began to re-uxpand after 7 hrs* 

(4) After 24 hrs, one inflected, 

(5) , (b) and (7) Not at all aflected^ though observed for 24 hrs,, 
excepting the short tentacles on the borders of the disc, w'hlch as Lisuaf 
formed a ring, 

A comparison of the leaves in the solution, es^iccially of tlie first 
five or even six on tijc list, with thi>se in the water, after 1 hr. or after 
i hrs., and in a still more mark oil degree after 7 hrs. or H lirs-, cotilil 
not leave tlie least doubt that tlici; solution had prfKluced a great effect, 
'rhia was shown, not only by tlie vastly greater number bf inflected 
tentacles, but by the degree or closenesy of their inflection, and by that 
of their blades. Yet each gland on leaf No, 1 ( which bom 255 glands, 
all of which, excepting five, wea^ inflected in 30 m.) could not have 
received more thaci onedouT-millionth of a grain ( 00001B2 mg.) of 
the baU. Again, each gland on leaf No. 3 (which bore 233 glands, all 
of whicl], except nine, were inflected in 2 hr^. 30 m.) could have 
received at most only the 3 ^ ofi’dn, or ■OOOOlt^l mg, 

^ Tour leases were Imnierseil uk before in a solution of one part to 
(>ob,2o0 of water (i gr. to 1500 oz.) ; but on thia occasion 1 happened 
to select leaves which w’ere very little sensitive, na on other occasions 
1 ciianced to select unusually sensitive leaves. The leaves w'ere not 
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mcire affcctcnl filter 12 Iirft. than ilie four corroniiondin^ ones in 
water; but after 24 iirfl. tiiey were sligtitly more inflected. vSuch 
^jvidence, however, ia not at ail tnifttwortliy. 

Twelve leaves %vere imraerficd, each m thirty miiiiiiia of a ^dutiori 
of one jiart to 1,312,500 of water (1 to 3000 oz,) ; m that each iear 
receivetl sraiH ('001 35 mf',). The leaves were not in very 

<»ood condition ; four of them were too old and nf a dark red colour; 
four were too [^ale, yet one of these latter acted well ; the four other?i, as 
far as could he told hy the eye, seemoti in exceU<^iit condition. The 
result was as Jbllows : — - 

(1) Tills WAS a pale lefif; after 40 in. about tliirty-eight tentacles 
inflec^tcd ; after 3 lirs* 30 m. the blade and many of the outer tentacles 
inflectal; after 10 lira, 15 ni. all the leiuacles but seventeen iiiflecteil, 
and the blade quite doubled U|i; aftC]' 24 hrs. all fhe tentacles but ten 
more or less inflected. Most of them ivere closcl3" inflected, but 
twent}'-flve were only aub’inflected, 

(2) After 1 hr, 40 iii. twenty-five tentacles inflected ; after fl hrs, all 
hut twenty-one inflected; after 10 hrs, all but sixteen more or less 
inflected ; after 24 hrs, re-ex iianded, 

(3) After 1 hr. 40 m, thirty-tivo inflected; after 0 hrs. “a large 
number” (to quote in y own mtmoranduni) inflected, but from ivant of 
time they were not counted ; alter 24 hrs. a-c-espanded. 

(4) After 1 hr. 40 in. about thirty inflected ; alter 0 hrs, a Inrge 
ciiiml>er all round the leaf” inflected, but they were not counted; after 
10 hrs. bc*gau to r(M?xpaiuh 

(5) to (12) These were not more inflected than leaves often are in 
avater, liaviiig res|iectively IG, tS, 10, 8^ 4, i.t, 14, and 0 tentaedes 
inlieoteil. Two of these leaves, however, were remarkable from having 
their blades slightly inflected after G hrs. 

^V'itll resjiect to the twelve corresponding leaves in water, (1) hatl, 
after 1 hr, 35 m., fifty tentadea inflected, but after 11 hrs. only twenty- 
two remained so, and these tbrmeil a group, with the blade at this 
point slightly infiecteih It appeared as if this leaf had beeu in some 
rn-mner accidentahy excited, for ini;taiice Viy a |iartideof animal matter 
whicb was ilisBolved hy the water. (2) After 1 hr. 15 m* thirty-two 
tentacles inflected, hut after 5 lire. ^ m. onl}'' tw^enty-five inflected, 
and tiiese after 10 hrs. all re-expanded; (3) after I hr* tw'enty’five 
inflected, which after 10 hrs* 20 m. were all re-expanded ; (4) and {5} 
after 1 hr. 35 m. six and seven tcntaclcB inflected, which rc-expanded 
after 11 lira*; (6), (7) and (8) from one to three inflected, ’which soon 
re-ex|>aiidcd ; (3), (10), (11) and (12) none inflected, though observed 
for 24 iirs. 

Compn-riiig the states of the twelve leaves in water with those in the 
solution, there could lie no doubt tint in the latter a laigcr number of 
ten tardea were inflec ted, and thcao to a greater degree ; but the evidence 
’ivns by no means so clear as in the former cx])eriments with stronger 
aolutioDs* It deserves attention that the inflection of four of the leavtrt 
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in the solution ^vcnt on incrcaainf; during tlic fii-at G hrs,, find wUh 
some of them for a longer time; wliercas in the water the inriection of 
the tluree leaves wliich ^verc the most aflficttrd, as well as of all the 
others, began to decrease during this same interval. It is also ro^ 
markable tliat the blades of three of the leaves in tlie solution ’ivere- 
slightly inflected, and this is a most rare event with leaves in water, 
tlioiagh it oceuiTcd to a slight extent in one (No, 1), wliich ficemed to. 
have been in some manner acnidentallj'' cscilwl. All tJn» shows that 
the solution prodnccii some eflbct, thongli less and at a mucli slower 
rate thaji in tlie iirevious cases. The small effect jiroduced may 
howevci’s, Ix^ accounted for in large part by tJm nnajofity of the haves 
having been in a |ioc.ir condition. 

Of the leaves in the fiolatioiii, No- 1 bore 200 glands and received 
Tsfeu ^ grain of the salt. Subtracting the seventeen tcntaclea 
wliich were not inflected, eadi gland could have absorbed T?iily the 
sTisitnm ^ (*00000738 mg.). This amount caused the tentacle 

bearing each gland to be greatly inflected. The blade was also inf lee ted,. 



Lastly, eight leaves ■were immersed, each in thirty minims- of a 
solution of one part of the phosphate 21,815,000 of ivater 1 gr. to 5000 
oz.). Each leaf thus received of a grain of the salt, or '00081 

mg. I twk es|3edal ]wiiis^iu seJeeting the finest leaves from the hot- 
house for immersioUjl^th in the s+dution and the wetter, and almost all 
proved extremely sensitive. Eegiuniiig as before wdth those in the 
solution ■ 



(1) After 2 hrs. 30 m. all the tentacles hut twenty-two iiiflccteth 
but some ouly anlHinflectcd ; the blade nuidi inflected ; after G hrs. 
1^0 111 * all but thirteen inflected,, with the blade iinnicnsely inflected;, 
and remained so for 48 hrs. 

(2) No cliangc for the first 12 hrs., but after 24 brs. all tJie ten- 
titles inflected, excepting those of the outermost row, of which only 
eleven were inflected. Tlie inflection continued to increase, and after 
48 hr St all the tentacles except three were inflected, and moat of them, 
rather closely, four or five being only sub-inflected. 

(S) Ke chan^ for tlii; first 12 hrs. ; bat after 24 hra. all the 
tentacles cxceirtin* tlioso of tbc outermost row were sub-inflected, 
with the bl.ide inflected. After H6 hrs, blade strongly inflected, with 
all the tentacles, except tlirec, inflected or sub-in fleeted. After 4b 
liifl. in the same state. 



~ , ^ liad TOPiiectively 32, 17, 

i, and 0, tentacles inflected, most of which, after a few llours, re- 

expanded, With t he exception of No. 4, which retained its thirty-two 

tentacles luflcctcfl lor 4y hrs. 

Now for ihe eight coiresix^knding leaves In water i— 

‘ ^ had twenty of its outer tentacles 

inflected, five of u-hich rc-exj landed after (3 hrs. 30 m. After 10 hrs. 
lo m. a moNt unusual eireumstance occurred, namely, the whole 
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blaile ItecJirae Esliglitly b^.^^vc^l towards tho footstalk, sitkI so remained 
for 48 Lm. The exterior t-entadcii, oxceptiiig thoBij of the three or 
four outcnntwt roiWH^ were now also inflected to an unusual degr( 5 e, 

(2) to (8) Tlieflc leaves^ after 2 Ill's* 40 ni.j had respectively 42, 12, 

0. 8, 2j 1, and 0 tentacles inflected, wliich all re-expanded within 24 his*, 
and most of them within a much Hhorter time* 

Wlien the two lota of ekht leaves in the solution and in the water 
were compared after the lajiae of 24 hrs.* they uudembtetily differed 
imich in ap^waranoe. Tlte few tcnlacka on the leaves in water which 
were inflected had after this interval re-expanded, w ith the exception 
of one leaf ; and tJiis presented the very un usual case of the blade 
Wing somewhat inflectixi, I hough in a degree liardly apprtjaddng that 
of the two leaves in the solution. Of these latter leaven, No. 1 had 
almost all its tenlaeJes, togetlier with its blade, inflected after an 
immersion of 2 hr*H, iiO in. Leaves No. 2 and 31 were affectexi at a 
much slower rate; but after from 24 hrs* to 48 hrs. almost all their 
tentsicks were closely inflected, and the blade of ono quite doubled up. 
We must therefore admit, incredible as the fact may at first api>ear, 
that this cxtrcraly weak solution acteil on tlie more sensitive leaves ; 
eacii of w hich receiveti only the of a grain (*00081 mg.) of the 

phosphate. Now, leaf No. 3 Iwre ITH tentacles, and, subtractitig the 
three ’which ’ivera not inflected, each gland coidd have absorbed only 
the '00000403 mg. Leaf No. 1, ivhich was 

strongly acted on within 2 lirs. 340 m., and had all its outer tentaolea, 
except thirteen, inflected within 6 hrs, 340 m., bore 260 tentacles; and, 

1. m the saine principle as before, each gland could have alisorbcd only 
T gT/o666 ^ grain, or *(X)tX)(Xi28 mg.; and this excessively rninuto 
amount sufllceil to cause all the tentacles bearing these glands to ho 
greatly inflected. I’lie blade w’as also inflected. 

Sttnimar}/ of the Iteaults lolth PJiosplnxte of Ajinnoftia. — The 
glaiide of the disc, when excited by a half-niinim drop (*029 G 
C.C.), contaming a grain ('OlGG ing*) of this salt, 

truDHiiiit a motor impulao to tho exterior tentacles, causing 
them to bend in’wards. A minute drop, contaiDing 
of a grain ('0004233 ing.), if held for a ieiv seconds in contact 
wdth a gland, causes the tentacle blearing this gland to be 
inflected. If a leaf is left immersed for a few hours, and 
Kotnetimes for a shorter time, in a solution so ’weak that each 
gland can absorb only the o a o ^ grain (‘00000328 

mg,), this is enough to excite tho tentacle into movement, 
so that it beoonies olosely inflected, as dtjos Bometluies the 
blade. In tho general surainaiy to this chapter a few 
remarks will be added, showing that the efficiency of such 
extremely minute doses is not so incredible as it m’ust at first 
appear* 
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SuIpJiatB of Am7Ywnki.-—Th*} few triftlfl made with this and the 
following five waits of ammonia were undertaken merely to aRcerUin 
whether they induced inflection. Half-minima of a fudutiun of one 
part of tlio sulphate of ammonia to 487 of water Avere ^daced on the 
discs of seven leaves, so tliat each received of a grain, or ’06Ta 
mg. After 1 hr. the trntacleH of five of tliclxh as Avell as the hlade 
of one, were sti'onglv inflected, Ttie leaves were not afterwards 
observed. 

Citrate of Ammon ia. — Ifalf-minims of a solution of one part to 437 
of water were placed on tho discs of six leaves. In 1 hr. the short 
outer tentaclea round the discs Avere a little inflected, witli the glands 
on the discs blackened. Alter 8 Iirs. 25 m. one leaf had its blade 
inflected, but none of the exterior tentacles. All six leaves remaineil 
in nearly the fliime state during tlie day, iho suhiuarginal toutacle&, 
lioAvever, becoming more and more innectetl. After 28 hrs. three of 
the leaven liad their blades somewhat inflected, and the suhmarginal 
tentacles of all considerably infiectctl, but in none were the tAvp, three, 
or four outer rows aflheted, 1 liavc rarely seen cases like this, except 
from the action of a Aiecoction of grasi?. 'I lie glands on the discs of the 
above leaves, insk'ad of heing almost black, as after the first hour, 
wci'e noAV, after 28 hrs., very pale. I next tried on lour leaves half- 
mininiHi of a weaker solution, of oneixirt to 1812 of Avater (1 grain to 3 
oz.) ; so that each received of a grain ('022.5 mg.). After 2 hrs. 

rn. the glands on tVie disc Avere very dark-ooloureAf ; after 24 lire* 
tivo of the leaves Aveix* sli'jlitly aftected ; the cither tAvo not at all. 

if Ammoti ifh — Malf-mininis of a solution of about one jiart 
to IO[i of Avatcr were placed on the iliscs of two leaves, both of Avhich 
Avere actcil on in 5 hrs. 30 m., and after 23 hrs, had every single 
tentacle dosdy inflected. 

Oxalate ff — Half-minims of a solution of one part to 

218 of water were placed on tivo leaves, which, after 7 hrs., becamo 
moderately, and after 28 hrs* strongly, inflectOAl. Tw’-o other leaves 
Averc tried Avitb a weaker solution of one part to 437 Avatcr j one 
was Eti'tmgiy inflected in 7 brs. ; the other not until 30 Ians, hail 
elapsed. 

A Half-minims of a solution of one part to 
437 ot Avatcr were placed on the discs of five leaves. In 31 ni. there 
Avas a trace of inflection in the exterior tentacles of si>iiie t>f ttie leaves, 
and this became more decideil after 1 hr. with all the leaA’cs ; hut 
the tentadcB were never closely inflected. Aher 8 hrs. 80 m. they 
Tjcgaii to re-expand. Next morning, after 23 hrs., all Avere fully re- 
expanded, excepting one wliieh Avns still sligbily inflected. The 
sltortnet^s of the iierknl of inflection in this and the following au=e is 
remarkable. 

Oiito}ide of Ammoti ifr, — Half-tmnimsof a solution ofoneTjart to 43 1 
of wafer Avere placeil on the discs of six leave^i. A decided degrt^e of 
mflectiot] in the outer and submargiiial teiUacka Avas perceptible in -5 
m.; and this increased during the next thive or four hours, but never 
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liccamc strongly Jiiarkesl, A ft or only 8 lirti. ftO in* the toitaclcfl bejfnn 
to re-exiviinlj nnd hv the next mominji, after 24 htp.., wore fully 
ro-exiiand(xl on four of th^? leaves, but Ktill slij^btly inllcctcd oil two* 



General Sninmartf and Gmebidmj Remai ks mi the Salts of 
Ammonia . — AVe have now seen that the nine Knits of umn^oiiia 
which were tried call cause the inflection of the tentacles, 
and often of the blade of the leaf* As far aa can be aeccr- 
tainc<l from the snjierfieial trials with the last six salts, the 
citrate is the least powerful, and the phosphate certainly hy 
far the most. The tartrate and chloride are remarkable from 
the short diiration of their action* The relative efficiency of 
the carbonate, nitrate, and phoaphatOj is shown in the fol- 
io win fj table by the smallest amount which sxifficea to cause 
the inflectiou of the tentacles* 



Solutions* how tfpllcd. 


OarboiiatL' of 
Anmtutklii. 


Nltmtc of 
Ammonta. 


Phosphate of 
.\nminnia. 


Placed on the gSandit of the 
di^c, «ci as to ai;;t indirectly 
oti the outer tentacles 


of a 
grain, or 
■UdT^ mg* 


IIH ^ 

grain, or 
'027 mg* 


grjun, or 
■OlbO mg. 


Applied for a feiv seconds | 
directly to th# glond ofoTii> 
outer tcatacle * . * .) 


. rmra ^ 

■ grain, or 

^ ■ 0044b mg. 


grain, or 
*0025 mg* 


of » 

giaiHj or 
■'Oi'H>42i mg. 


I*CAf imraerNcd, with time 
alio well for each gland to 
absorb all that it can , 


grain, or 
, ’ 00024 mg* 


grain, or 
•OUOOOd" mg. 


grain, or 
■00000328 mg* 


Amount absorbed by a gland 'j 
whiob sutTiceit to cause the 
aggregatioti of the proto- > 
plu»m in the adjoining 
veils of the tentacles , , J 


I T!iiia3 “ 

grain, of 
|- 00048 Mig* 







From the experiments tried in these three differoiit ways, 
wo SCO that the carbonate, which contains 2?V7 per cent* of 
niti'ogen, is Ic&g efficient than the nitrate^ which contains 35 
per cent* The phosphate contains less nitrogen i than either 
of these salts, namely, only 21 '2 per cent,, and yet is far more 
efficient; its power, no doubt, depending tjuite as much on 
the phosphorus as on the jaitrogen which it contains. i\e 
may infer that this is the case, from the energetic manner iii 
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whicli ltit« of Ijono nrul phosphato of limo aRect the leaves, 
Th© inflection excited by tho other Baltw of aimnonia is pro- 
Ijably due J3t.ilely to their nitrogen,— on the Baine principle that 
iiitrogcnona organic fliiidK act powerftilly, wliilat non-nitro- 
gcnoiiB organic fluids are powerless. As such iiiinuto dtjsea, 
of the salts of ammonia affect the leaves, we may feel almost 
sure that Drosera absorbs and profits by th© aniomit, though 
small, which is present in rain-water, in the sfune manner as 
other plants absorb these same salts by their roots. 

The smallness of the doses of the nitrate, and more 
especially of the [diospliatc of ammonia, which cause the ten^ 
tacles of immersed leaves to bo inflected, is perhaps the most 
nmiarkablo fact recorded in this vohime, Wlien wo see that 
much less than the millionth* of a grain of the phosphate, 
absorbed by a gland of one of th© exterior tentacles, catise& 
it to Lenil, it may be thought that the effects of the solution 
on the glands of the disc iiave been overlooked ; namely, tli^ 
transmission of a motor impnlso from tlieni to the exterior 
tentacles. No doubt the movements of the latter are thus, 
aided ; but the aid thus rendered must be insignificant ; for 
wo know that a drop containing as imich as the of a 
grain placed on the disc is only juat able to cause the outer 
tentacles of a highly sensitive leaf to bend. It is certainly 
a most surprising fact that the nf a grain, or in 

round immber.s the one-t vvonty-millionth of a grain (* 000003iit 
mg.), ol the phosphate should affect any plant or indeed any 
animal ; and as this salt contains 35 '33 per cent, of water of 
crystallisation, the effieient elements are reduced to 
of a grain, or in round niimhcrs to one-thirty-millioutli of a 
grain ( 00000210 mg.). The solution, moreover, in these 
experiments was diluted in the proportion of one part of the 
salt to 2,lS7,o00 oi w'atcr, or one grain to 5000 oss. The 
reader will perhaps best realise this degree of dilution by 
reinembcTing that 5000 oz, would more than fill a 3b gallon 
cask ; and that to this largo body of water one grain of the 
salt was addecl ; only half a drachm, or thirty miniums, of the 
solution being poured over the leaf. Act this amount 



* It is scarcely pnasiblc to rcnli»e 
what a niillinn int'am?. The bifr^t 
iilustratioii uhidi I hiive nii«t with is 
Ihnt given l >7 .Mr. CroJl, wlio say«, 
— Tiike a ii arrow strip of paper Sli’ft. 



4 in. in l&jigth, niiLd stretch it nlon^ 
the wall of a large nail ; then mart 
ol! at one end tho tentli of an inch* 
1’his tftiith will i'#>']jresent n huiHiroJ, 
and the L-ntirc strip a itUllion. 
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ft’iifficcd to cause tlio inflection of almost every tentacle, and 
often of tlio blade of the leah 

I am well a\vairc that thiB etatement will at fir&t appear 
incredible to almost e%"cry one* Drosera is far from rivallinf^ 
the power of tho spcctroaeope, but it can detect, as shown by 
the moyemeiits of its leaves, a very much sin all cr quantity of 
the phosphate of ammonia than the most ski Ifni chemist can 
of any substance** My i esults were for a long time inerediblo 
even to myself, and I anxiously sought for every source of 
error* The salt was in some eases weighed for me by a 
chemist in an excellent balance ; and fresh water was measured 
many times with care. The observations v'ere repeated 
during sever al years. Two of my sonB, w'ho were as incre- 
dulous as iU3’'self, compared several lots of leaves simultane- 
ously immersed in the weaker solutions and in water, and 
declared that tliorc could be no doubt about the difference in 
their appearance* I hope that some one may hereafter be in- 
duced to repeat my experiments ; in this case ho should select 
young and vigorous leaves, with the glands snrixjundcd by 
abundant secretion. Tho leaves should be carefully cut off 
and laid gently in watch-glasscs, and a measured quantity of 
tho solution and of water poured over each. Tho water used 
must he as absolutely pure as it can be made* It is to be 
especially observed that the experiments with the weaker 
solutions ought to be tried after several days of voty*‘ warm 
weather* Those with the weakest solutions should Iw made 
on plants w^hich have been kept for a considerable time in a 
warm greenhouse, or cool hothouse ; but this is by no means 
necessary for trials with solutions of moderate strength* 

I beg the reader to obser^^e that the sensitivenesa or irri- 
tability of the tentaclca w^as ascertained by three difforent 
methotls— indirectly by drops placed on the disc, directly by 



* When niY first obfiCTTatiens w^rc 
TiiaJe on tlic DitrAt« of ammwnut, 
fourteen yeiirs agv, the poAvers of 
the spectryi5CO]>G hsul not been Jis- 
Hrrovored j and 1 felt all the greater 
interest mtlie then unrivalled power^j 
of Drosem. Now th& spectroscope 
hiw altogether beateu Orosern ; for, 
aeoorciing to Bnnseii uml KirolihoiJ, 

probably less than one 
train of sodiuin tran be tbui detected 



(sec Balfour SteAvart, - Treatise an 
Heat,^ 2nd edit. 1S71, p, 228). With 
rfiJipeet to ordinary tbemtcal teistSi. 1 
gather from Dr* Alfred Taylor’s 
work on ‘ Poisons ’ that about of 
a grain of arsenic, of a grain of 
]iriiieMic acid, ioiline, and 

of tartarisei aiiljiuony, can be ci»f- 
tectod ; but the |iowei' of detectioi^ 
de]iends much on the sidutioiis unier 
trial not being oitreiuely weak. 
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drops applifttl to tho of tlio outer tentuclea^ and hy tlie 

immersion of wliole leaves ; and it \va& found T>y these thn^ 
iTiethodB tliat the nitrate wiLS more i}fiwerfiil than the ear- 
bonate, and the phosphate mncli more powerful than the 
nitrate; this result being intelligible from the difference in 
the amount of nitrogen in the first two salts^ and from the 
presence of phosphorus in the third. It may aid the reader’s 
faith to turn to the experiments with a solution of one grain 
of the phosphate to 1000 oz. of wi nter, and he will there find 
decisive evidence that the one- four-millionth of a grain is 
sufficient to oause the infiection of a single tentacle. There 
is, therefore, nothing very iinprohahlo in the fifth of this 
weight, or the one-twenty-millionth of a grain, acting on the 
tentacle of a highly sensitive leaf. Again, two of the leaves 
in the solution of one grain to 3000 oz., and three of tlio 
leaves in the Bointion of one grain to 5000 ok., were affected, 
not only far more than the leaves tried at the same time in 
water, but incomparably moro than any five leaves which 
can he picked out of the 173 observed hy mo at different 
times in water ^ 

There i.s nothing remarkable in the mere fact of the ono- 
twenty-millionth of a grain of the phosphate, dissolved in 
about two million times its weight of water, being absorbed 
by a gland. All }>hysiologists .idmit that the roots of plants 
absorb the salts of ammonia brought to them by the raiu ; 
and fourteen gallons of rain-Tvater contain* a grain of 
ammonia, therefore only a little more than twuce as much as 
in the weakest solution employed by me. The fact 'which 
appears truly w'onderfnl is, that the ono^tweiity-millionth of 
a grain of the phosphate of ammonia (including less than the 
one-thirty-milliontk of offitHent matter), wlien absorl>ed hy a 
gland, should induce some change in it, w’hich leads to a 
motor impulse being transmitted down the lyhole length ot' 
the tentacle, causing the basal part to l;K»nd, often through an 
angle of above 180 degrees. 

Astonishing as iB this result, there is no sound reason why 
wo should reject it as incredibleH, Frof* Dondera, of Utrecht, 
informs me that, from cxperimentB formerly made by him and 
i>r. De Ituyter, he inferred that less than the oue-millionth 
of a grain of sulphate of atropine, in an extremely diluted 



* iJi tier’s " Elenieuta of Ch 



einistry,* juirt li. p, 107, 3rd edit, 
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if applied directly to the iris of a paralvsoa tlio 
muscles of this orj^au. But, in fact^ every time that yva 
perceive an odour, we litive evidence that infinitely smaller 
particles act on our iierA^ea. When a dog stands a tpiarter of 
a mile to leeward uf a deer or other animal, and perceives its 
]>rcacnce, the odorous particles produce some change in the 
olfactory nerves ; yet these ]>articles must be infinitely 
smaller* than those of the phosphate of ammonia ■weighing 
the one-tweiity-niillionth of u grain. These nerves theu 
transmit some influence to the brain of the dog, which lead.s 
to action on its part. With Drosem, the really marvellous 
fact is, that a plant without any specialised nervous system 
should l>e affected hy Kueh minute particles; but we have no 
grounds for assuming that other tissues could not l>e ren- 
dered as exquisitely susceptible to impressions from without, 
if this were l>encficial to the organism, as is the nervous 
system of the higher animal s. 



* 3Iy acio, Geor^fe Dnrwiil, iittA 
cfilculfttcd Tor ino the dlamei^r of 
ji gfih&i'fl of phoaphate of ammonia 
(fipeciric gravity l'C7S), weighing 
th« oae^twenty-mihioath of a grain, 
.'Uid findis it to be of nb loch. 
Xow, r>r. Klein infonii^i me that the 
smallest MiorDcocci, which aro cU!t- 
tinetly disterniblo under a pHvwer of 
};i(H) diamet&ra, am estimated to be 
from 'OGOS to ‘ 0 (H}j>ofa milliim^ter 



^^"that IS, to an. 

inch — in diameter* Therefore, an 
object between j| and of the sire 
of a ephere of the phosphate of 
ammonia of the above wefght can be 
seen under a high power 5 and no one 
sup]?oses that odnrona particles, ancli 
as those enritted from the deer in the 
above illustration, could be seen, 
under any power of the microscoi>ei, 
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CHAPTER VI IL 

Thr Effects of VARioca Saints and Acma o:s the Leaves. 

Salts of swliuiri, potassiunij and other alk»1in«^ erirthv, and metallic 

SuTtmiaiy on the action of thesie salts — Various acids — Surnitimry on their 
action, 

IlAViNa found that tho salts of ammonia were so jx^Tverful, I 
was led to investigate the aetlon of some other salts* Jt will 
be convenient, first, to give a list of the substances tried 
(including forty-nine salts and two motallic adds), divided 
into two columns, showdug those ’which cause inilectioTi, and 
those ivhich do not do so, or only doubtfully* My experi- 
ments ’^vero made by placing half-minim drops on the discs 
of leaveg, or, more commonly, hy immersing them in the 
solutions; and sometimes by both methods. A summary of 
the results, wdth iKjmo concluding remarks, ■will then be 
given. The action of various acids vvill afterwards be de- 
scribed . 



Salts causixg inflection. Salts not causing Inflection. 

in GroUfps accordiwj to the CAcmt'cal Ciassifeation 
* Dkiiofiari/ of Chemintnf,*) 



Sudjum ii^arbonate, rcipiJ iDllcctiDn, 

Svfliuln nitriitc, rapid inIdiictiQn* 

S<Hlium sulphate, moderately rapid 
indectiDD* 

StidiuiiTi ph osphatc, very ra|>ld in- 
unction. 

Sodium citrate, rapid inHeatiun. 
Sodium oxntnte, rapid innectioii. 
Sodium chloi'ide, moderately rapid 
inAectiuD. 

Sodium iodide, rather slow inflection, 

Sotliuin bromide, moderately ra|»id 
inflection. 

Potassiurti ojalate, slow and doubtful 

inflectioii. 



Potassium carbonate ; slowly poison- 
ous. 

Potassium nitrate: somewbat poisop- 
ous. 

Potassium sulphate. 

Potassium phosphate. 

I'ctassiuju citrate. 

Potassium chloride. 

Potassium iodide, a slight and doubt- 
ful amount of inflection. 

Potassium bromide. 




CiiAr. EFFECTS OF VARIOUS SALTS. 




Salts cax sixo 



Salts not causing IxrLccrroN. 



irt Groups itct-ordmtj to tftt. Cfu^mioal Ctassifmthii in 
*" DktioTUirtf of Chemistrif,') 

Lithium nitrate, moiierately rapid Lithium acetate^ 
inriEctiun. 

Uic&iuTU ehloridef rather inhcc- Lubiiium chlcrlde. 

tion. 

Silver nitratCj rapid [tihection: quick 
poison^ 

Oadmicim chloride, alow inflectinn. Calcium acetate. 

3Iercury perehJoridE} rapid inflection : Calcium uitratc. 

quick poison. 



Aluminium chloride, 5I0W and doubt- Aluminium nitrate, a trace of in- 

1 - rt t r . . I . « 



Antimony tartrate, slow inflection: *’* 
pntbably ji^isonous. 

Arseni L> us acid, quick inflection : poi- ' 
sonou!!* 

IifUi chloride, aIow inflection : pro- Ufauganese chloride 
babJy poisonous^ 

Chronib acid, quick jti flection : highly 
poisonous. 

Copper ctilorkie, rather alow iiiflec- Cobalt chloride 
tion : pioisonous. 

Isickel chloride, rapid infleotion : 
probably pnisonousp 
Platinum chloride, rapid inflection: 
poisonous. 

tSodinm, C^rbormie of (pure, given nw diy Frof. Iloffiaaun}* — naif- 
minims ('OSOrj c.c.) of a Eoliition of one part to 2lS of water (!il grs* to 
t oa,) we 10 piaced OQ the divert of twelve leaver. Seven of tLcsc 
Local] le well inflected ; three had only two or tliree of their outer 
tentacles inflected, ami the remaining two were quite unaffected, But 



Magnesium acetate, 
^lagnesium iiiti ntc. 
Magnesium ehlcrldc^ 
^Magnesium sulphate. 
Barium acetatE« 
Barium nitrate. 
Strontium acetate, 
f^trontium uLtrate. 
^inc chloride- 



. ful ioflection. 

Gold chloride, rapid iuflection: quick 
poison. 



flection. 

Aluminium and potasaiLiui sulphate. 



Till chloride, slow inflection : |>ojsoii- Lead chloride, 
ous. 






144 



I>Rf>SE]LV KOTUNUrFOLIA. 



[Chap. VIIL 



tin? ilose» thou^li only ^ ing.)^ w-ig, cvLilcQily 

Uto Tof three of tiieReVi-n wclMtificctetl leaves were killal. Oli 

the or her lin(nh one of the seven, which liad only a few teniaclcs 
inflected, re-espantled and tieemed quite healthy after 48 lir^. By 
eiilldoyin^ a weaki'r solution (vi/,. one part to 4di oi wHitcr, or 1 gr. to 
1 doses of a grain (;^0G7o mg.) were gi ven to sis 

tSome of these were affected in m. and. in 8 lirs. the outer tcntaele^j 
of all, as well as ihe Idadts of two, were considerably inflected. After 
2fl lim. lij nn Uic tentacles had aliu[>«t re-expanded, but the blades of 
the two were still just perceptibly curved luunrdB. After 48 hrs. all 
six leaves were fully re-ex paiidet!, and appeared perfectly healthy. 

Hirce leaves were inni]« ised, cadi in thirty minims of a solution of 
one ■jwt to 87r> of water (1 gCi to 2 oK+), so that each rcceivei.1 of a 
grain (2 02 ma.) ; after 40 nu the three were inudi affectedn arnl 
after G hrs. 4b in. the tentacles of all and the blade of one closely 
intiected. 

SfxUum, (/(pure). — Half-mi id ms of a solution of one [lart 

to 437 of water, containing of ti gmin (*0G7b mg.), were placed nn 
the discs of five leaves. After 1 hr. 2b in. the tentades of nearly hiH, 
and tlie blade of one, wei'e somewhat intiected. The inflcctiou 
cnntimied to increase, and in 21 hrs. lb m. the tentacles and the blades 
of four of them wvre greatly affected, ami the blade of the fifih to a 
slight extent. After an " adilUional 24 hra. the four leaves ^till 
remained closely inflectetl, ^vliikt the Qrth wan Ijeginntng to exi^and. 
Four (It^ys after the solution had been ajqdied, tw'o of the leaves had 
quite, and one hail partial!}", ve-cxpandefl ; whilst the remaining two 
remained ch>sely inflected and ap|)eared injured. 

Three Iciivct^ were itctniersed, each in thirty minims of a solution of 
one part to 875 of water: in 1 hr. there was great inflection, and after 
8 lira. 15 tn. every tentacle and the hlades of all three were most 
strongly inflected. 

Soflium, fHidphate qf, — Ilalf-miniins of a sohidon of one part to 437 
of water wt re placed on tho discs of six leaves. Alter 5 hrs. 30 rn. tlie 
tentacles of tliree ot them (udth the bla^ie of one) were (xmsidcTHibly, 
and those of the other three slightly, inflected. After 21 hrs. the 
inflection bad a little decreasetl, and in 45 hrs. the leaves were fully 
expanded, appearing quite healthy. 

Three leavi h were immersi d, each in thirty minims of a soUitiou of 
one Tfart of the sulphate to 875 of water; after 1 hr. 30 m. there was 
some inflection, wliich increased so much that in H hvs. 10 m. all the 
tentacles and the blades of all three leaves were cloiijcly inflected. 

Sfttlifimj Fhoi^phaie r/. — Ilalf-minims of a &i>lution of one psrt to 
437 of water wei'e placed on the discs of six leaves. The solution acted 
wdth extriiordinary rapidity, for in 8 m. the outer tentacles on sH:‘Vcnil 
of the leaves were much iueurved. After G his. the tentacles of all six 
leaves, and the blmles of two, w^ro closely inflected. This state of 
things contintt(sl for 24 hrs., excepting that tlie hUde of a tliiril If^ia 
became incurved. After 48 hrs. all the leaves rc-expauded. It k 
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cle^vr tliat of a grain of 2 >bospliato qf aoila lias great power in 
causing inflection. 

JSodiumt Citrate 1 ^!.— Ilalf-minims of a ftolittion of one part to 437 cf 
water were plaeed on tl>e discs of six leave?, but the&o were not 
observed imttl 22 hrs. bad elapsed. The siibmarginal tentacles of five 
of them, and the blades of four, were then fotuni inflected; hut the 
outer rows of tentacles were not affected* One leaf, which appeared 
cider than tbo others, was very little affected in any way* After 4fi 
brs. four of the leaves were altiiost re-ex j>ahdefl, including their blades, 
'lliree leaves Tvere also immersed, cadi in thirty minims of a sohition 
of one part of the citrate to B75 of water; they were much acted on in 
25 ni. ; and after 0 lirs* 35 m. almost all the tentacles, including those 
of the outer row^, wtre inflected, but not the blades. 

Oxahde of. — Half-minims of a solution of one |Kart to 437 of 
water were placed on the disc of seven leaver*; after 5 hrs* 30 m. the 
tentacles of all, and the blades of nifst of them, w'cre much affected. 
Iq 22 hrs*, besides the infleciion of the tentacles, the hladea of all 
seven Icavefl were so much doubl&l over tliat tlieir tips and liases 
almost touched- On no other occasion have I seen the blades so 
strongly affected. ThrtT leaves w'ere also immersed, each in thirty 
minims of a solution of one part to 875 of water; after 30 m, there 
was much inflectioUi and after 6 brs. 35 lU. the blades of two and the 
tentacles or all were closely inflected. 

Sodium, Chhi ide ff (best culinary salt)*’ — Tlalf-minims of a solution 
■of one part to 218 of w'ater were placed on the discs of four leaves, 
4’ wo, apparently, were not at all affected in 48 hrs-; tlie third had its 
tentacles slightly inflected ; whilst the fourth hfui almost all its ten- 
tacles inflected in 24 hra., and tiiese did not be^in to re-exjmnd until 
the fourth day, and were not perfectly expanded on the seventh ih^y* 
I presume that this leaf was injured by the salt* Ilalf-mlnims of a 
weaker erdution, of one part to 437 of w'ater, wttc then droppol on the 
discs of SIX leaves, sc that each received of a grain. In i hr. 33 m. 
there w'as slight inflection; and after 5 hrs* 30 m. the tentacles of 
all six leaves were considerably, but not doBcly, inflected* After 23 
hrs* 15 tn. all had completely re-expanded, and did not apjiear in the 
least injured* 

'riiree leaves were immersed, each in thirty minims of a solution of 
one part to H75 of water, so that each received of a grain, or 2*02 
After X hr* there was mucli inflection; after 8 hrs. 30 m. all the 
tcutacleB and the blades of alt three were closely inflectetl. Four other 
leaves were also immersed in the solution, each reoeivnng the same 
amount of salt as before, vi?., of a grain. Thiy^ all s-'On became 
inflected ; after 48 hrs- they began to fe^xpaiid, aud appeareci quite 
uniujuml, though the solution w^af^ sunicieutiy strong to taste saline* 

Sodimtii Iodide of a solution ol one piarc to 437 of 

water xvere placed on the discs of six leaves. After 24 br.>. four of them 
had their blades and many tcntrideft inflected. The other two hsul 
only their submarginal tentacles inflected ; the outer ones in most cf 
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tlio kflves l>eing but little aETcctcd. After 40 lirs. the leaves harl 
nearly rc-ospauded* Three leayea were al>io iiriiruersetl, each ia tliirtv 
iiiiidiiifi of a 8<>huion of one part to 87y ol water. After G hrs, 30 m, 
almost all the teniades, and the bl.ido of one leaf, wore cloaely in^ 
fleeted. 

Sodium^ JJrmnide of, — Half-tninims of a .solution of one ysart to 4 37 
of water were ydaced oii; six leaver!* After 7 lira, there ivas Bome in- 
fection; after 22 hr?, three of tlie leaves had their Hades and most of 
their tentacles inficeted; the fourth leaf was very slightly, and the 
fifth and sixth hardly at all, aftected. Three leaves were alstt im^. 
inerscd, each in thirty minims of a sedution of one Jjart to 875 of 
wyater ; after 40 m. there was prune inflection ; after 4 hrs, the tentacles 
of all three leaves and the blades of two_were inflected. These leaves, 
were then placed in water, and Esfter 17 hrs. 30 m. two of them were 
almost completely, and the third partially, re-expanded; sq that 
apparently tney were not injured. 

l^otassmm^ Carhoimte if {liwid}* — Half-minims of a solution of on& 
]mrt to 437 of water were placed on six leaven. No effect was i'j-roduoe<li 
in 24 hrs* ; but after 4B hrs. -souie of the leaves had their tentacles, and 
one the blarie, considei'ably inflected. I'hia, however, seemed the 
result of their bein^ injured ; for, on the third day after the solutioiL 
was given, three of the leavea were dead, and one ivas very unhealthy ; 
the other two were recovering, but with several of their tentacles 
apparently injured, and these remained permanently inflecteti. It ig. 
evident that the of a grain of this salt acts os a poison. Three 
leaves w’cre also iuimeraed, each in thirty minims of a solution of one 
])art to 875 of water, though only for iJ hrs. ; and, very diflbrently front 
what occurs with the salts of soda, no inflection ensxied* 

Potassium f Nitrate of — Half-minims of a strong solution, of one 
jiart to lOfl of water (4 grs. to 1 oa. ), were jdaced on the discs of four 
leaves ; two were much injured, but no inflection ensue<i. Eight 
leaves were treateil in the satne manner, with droyia of a weaker solu- 
tion, of one part to 218 of water. After SO hrs. there was no inflectioc,. 
but two of the leaves seemed injured. Five of these leaves were 
suhscqiiently tested with drops of milk and a solution of gelatine on 
their diges, and only one became inflected ; so that the solution of the- 
nitrate of the above strength, acting for 50 hrs., apparently had injured 
or paralysed the leaves. Six leaves were then treated in tho same 
manner with a still weaker solution, of one part to 437 of water, and 
these, after 48 bra,, were m no way affccied, with the exception of 
perhaps a single Jsyf- Three leaves w'ere next immersed for 25 hrs.,, 
each in thirty minims of a solution of one part to 87.5 of water, and 
this produced no ap|>arent effect. Tlioy w-ere then put into a solution 
of one part of carlxuiato of ammonia to 218 of water; tlie glands were 
Imined lately hlackenod, and alter 1 hr. there tvas some inilection, and 
the protoplasmic contents of the cells became plainly aggregated. 
dhis shuvra that ^the^ leaves liad not been much injured, by tlieir immer- 
sion for 25 hrs. in rlie nitrate. 
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Potufiiiiiimy iSttlphate of, — Uair-miiiimH of ii &olution of one part to 
437 of water were placet! on tUeiliacK of al\ leaves. After 20 hre^ 
no effect was pToduectl; after an [ulditional 24 lira., ihree remained 
quite nn affected; two seemed injured, and the sixth seemed almost 
dead, wish its tentacle a inflected, l^evertlieleaa, Eifter tw”o additional 
days, all six leaves recovered. TJie inmnerEsion of throe leaves for 24 
lira,, each in thirty minims of a solution of one part to S75 of water, 
prcKlucotl no apiiafent effect. They were then treated with the same 
Si^lution of carbmate of ammonia, ivitli tlie same result as in the case 
of the nitmte of potash. 

FotaMium^ Phasphate of. — Half-minima of a Eolution of one part to 
437 of water were placed on the discs of six leaves, whidnve re observed 
during three days. ; but no effect w'cis produced. The partial dryin<^ np 
of tVia fluid on the disc sliglitiy drew” together the tentacles vm it, a?i 
often C)CCurA in experiments of this kind. The leaves on the third day 
apjieared cpiite heaUhy. 

Potassimn^ Cilmte r>f* — Hnlf-minims of a solution of one part to 4S7 
of water, left on the discs of six leaves for three days, and th.e iinmer- 
sion of three lesives for 9 lira., each in 30 minims of a solution of one 
part to 875 of water, did not produce the least elieet. 

Pofasaiiim^ Oxatate of. — ^Ilalf-miuitus were ]>1aced on different occ^,- 
sions on the discs of seventeen leaves; and the; results |x?rplcxed 
much, as they still do. Inflection suiiervenei.1 very slowly. After 24 
lirs. four leaves out of tho seventeen were well inflected, together w'ith 
the blades of two; six were slightly aff^ctci], and seven not at all. 
Three leaves of one lot were observed for five days, and all died ; hut 
in another lot of six all exceiJting one hxi^ked healthy after four days. 
Tliree leaves were immersed during 9 hrs., eacli in 30 minims of a 
Solution of one part to 875 of water, and were net in the least affected ; 
but they ought to have lieen observed for a longer time. 

Potassium, Chloride of. — Keithcr half-minims of a solution of one 
]Kirt to 437 of water, left on the discs of six leaves for three days, nor 
the immcrBian of three leaves during 25 hrs,, in .30 minima of ablution 
of one fiart to 875 of water, produced tho least effect. The immers^ed 
leaves v^'el■e tlien treated with carl>oiiate of ammonia, as described 
under nitmte of inffash, and wnth the same result. 

Potassium, Iodide of. — llalf-miuLms of a solution of one part to 437 
of water were pdaced oil tlie dj^a of seven leaves. In 30 m. one leaf 
had the blade inflected; after some lioura three leaves had most of 
their submarginal tentacles moderately infleettd ; the remaining three 
being very slightly all'ected, Hanlly auv of these leaves had their 
outer tentacles inflected. After 21 hrs. all re-expanded, cseepting ttvu 
which still hail a few submarginal tentacles iiillecteHi. Three leaves 
tvere next immersed for S hry. 40 m., each in 30 minitns of a stdution 
of one intrt to 875 of water, and ^rere not in tho least affectwh I do 
not know wlnit to conclude from this conflicting evidence ; but it is 
clear tliat tho iodide of potassium dees not general I3" produce any 
marked effect. 
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Fctfmium, J5po?niV?c (^^,“-1 lalf-mininifl of a. soIuHon of one fiart to 
4 '17 of water were ^ilftced on the diHc-a of six leaves; iifter "22 ]jrs. ono 
hivl its blade mid many tentacles iiitlected^ but I aijsjxsct tlmt an 
inseet might have alighted on it and them escaj>ed ; tiie five other 
leaves were in no way affected* I teateil three ot these leaves with 
bits of meat, and after 2i 1ms. they lietame spleialidly indected. 
'I’hree leaves were Jilae iuimerseiil for 21 lirs. in 30 minims of a solution 
of one part to 87ij of w'aterj but they were not at all aflccted, 
excepthig that the glands looked rather pale. 

iMhiunt, Ac^^iate of. — Four leaves ^ were immersed together in hT. 
vessel containing 120 minims of a ftr>lutionof one part to 437 of ivater; 
so that each received, if tlie leaves absorbed equal Ij', of a grain. 

After 24 hrs. there was no iTillectitm, 1 then added , for the sake of 



testing the leaves, some strong Bolutioii (vin, 1 gr* to 20 ok.j or one 



part to 8750 of water) of phosphate of ammonia^ and all four lje.H;;aEne 
in 30 m* eloseh^ inflected, 

LitJiiutn, Nitrate o/l— Four leaves were immersed, as in the last 
case, in 120 minims of a acdution of one part to 437 of water ; after 1 
hr. 30 ITU all four iverc a little, and after 24 hrs* greatly, inflected, I 
then dibit ovl the solution wdtli some water, but they still remained 
somewliat inflected on the third day. 

Csesimnj Cftiorfde of — Four leaves were immersei'l, as above, in 120 
minims of a solution of one part to 437 of water. After 1 hr* 5 m. 
the glands were darkened ; after 4 hra. 20 in* there was a trace of 
intlectiou ; after G hrs. 40 m. twrj leaves were greatly, hut not cluiseiy, 
and the otlier t^vo considerably inflected. After 22 hrs. the inflection 
was eKtremcly great, and two had their bhades inflected* I then 
transferred the leaves into water, and in 46 hrs. from their iirat 
immersion they wore aliiioKt rc-eximndcd. 

Buhidiitnif (Woride of . — -Four leaves wfliich were immersed, as above, 
in 120 minims of a solution of one part to 487 of water, weix^ not actetl 
on in 22 hrs. I then added some of the strong solution (1 gr, to 20 oz.) 
of phosphate of amruoina, and in 30 in. all were immensely iufleeteil* 

Silver, Nitrate of .‘ — Three leaves wore immersed in ninety minims 
nf a solution of one }>art to 437 of water; st> that each receiveti, as 
before, fg- of a grain. After n m. slight inflection, and after 11 in* 
very strong inflection, the glands becoming excessively blaek j after 
40 m. all the tentacles w'ere closely inflected. After 6 brs. the leaves 
were tak'en out of the solution, washed, and plactxl in ’ivater ; but 
next morning they were evidently dead. 

Calciumf Ac*^tate of—ViAiv leaves w^erc immersed in 120 minims of 
a solution of one part to 437 of water; after 24 hrs. none of the 
tentacles were inflected, excepting a few where the blade joined the 
petiole ; and this may have liccn caused by the absorption of the salt 
hy the cut-off enti of the petiole, I then added some of the solutioJi 
(1 gr. to 20 oz.) of phosi^hate of ammonia, but this to mv suri»rise 
excited only slight inflection, even after 24 hrs. Hence it would 
appear that the acetate had rendered the leaves torpid. 
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CaJcittnif Nitrate of . — Four leavoa immtrsetl in 120 minima of 
n solution of one pan to 437 of watcr^ but were not affeeteti in 24 hrs. 

I then added some of tlie aidution of phosphate of ammi>nia (1 gr* to 
20 Imt tliis caused only very intkction after 24 lira. A 

fresh leaf was next put into a tnised s«.>lution of the nlxjve strength a of 
the nitrate of calcium and phosphate of ammonia, and it Ijeoame 
dosely inflected in between 5 m. and 10 in, Half-tiiinims of a solution 
of onOri^aft of the nitrate of calcium to 21S of water were dropjK'd on 
the discs of three leaves, but proluced no effect. 

Ala^neAiittn, Aeeiate^ Nitrate, and Cfdoride — Four leaves were 
imraer!!ed in 120 minims of sol ut ions, of one ]iart to 437 of water, of 
each of these three salts ; after 6 hrs. there was no inflection j bet 
after 22 iirs* one of tlie leaves in tbe acetate was rather more inflected 
than generally t'ceurs fnjm an immersion for this length nf time in 
water. Some of tlie solution {1 gr. to 20 ok.) of phosphate of ammonijt 
was then abided to the three fiolutioiis. The leaves in the ace tat o 
mixed with the phosphate underwent some inflection; and this was 
well pronounced after 24 hrs. Those in the mixed nitrate were 
decidedly inflected in 4 hrs. 30 m., but the degree of inflection <Ud not 
afterwards niucli increase; whereas the ftiur leaves in the mixed 
chloride were greatly inflected in a few minutes, and after 4 hra. had 
almost every tentacle closely inflected. We thus see that the acetate 
ami nitrate of magticsiiirn injure the le:ive.s, or at least prevent tlio 
subsequent action of phosphate of ammonia; whereas the chloride haa 
no such tendenev. 

i 

Maffjieaiumf Sulphate — Half-minims of a solution of one part to 
21ft of water were placed on the discs of ten leaves, and produced no 
effect. 

Jiarium, Acetate o/.— Four leaves were immersed in 120 minims of 
a solution of one to 437 of water, and after 22 hrs. there was no 
inflection, but the glands were blackened. The leaves were then 
placed in a solution (1 gr. to 20 os^,) of phosphate of amvnonijt* which, 
caused after hrs. only a little inflection in tw'o of the leaves, 

Jlarium, Nitrate o/.— Four leaves were immersed in 120 minims of 
a solution of one part to 437 of ’\vater ; and after 22 hra, there was no 
more than tl^a^ slight degrt'e of inflection which often fidhnvs from an 
itTnnersion of this length in pure water. I then added some of the 
same solution of phcisjdiato of ammonia, and after 30 m. one leaf was 
greatly inflected, two others mcMlerately, and the fourth not at all. 
The leaves remained in this state for 24 hrs, 

*S7?vj/r fi'um. Acetate of * — Four leaves, immeraed in 120 minims of a 
solution of one part to 437 of water, were not affected in 22 
They were then placed in somo of the same solution of phoppbaf-e of 
ammonia, and in 25 m, tw(t <ff thetu were greatly inflectrHl ; after 8 
hrs. the third leaf was considerably inflected, and the fourth exhibited 
a trace of inflection. They ivere in the samo slate next morning. 

Stroutimn^ Nitmte of — Five leaves ivc re immersed in 120 minims 
of a solution of one part to 437 of water ; after 22 hrs. there was somo 
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iudectlon, hut not more than Bomotitne#! oecurs n'itl] leaveg. in 
water* 'i'liey w'cro theil placed in the soluSion t)l phosphate of 
ammonia j after 8 hrs. three of tlicm were moderately inflccttid, as 
w^ere all five after 24 lirs* ; hut not one was closely intlGcted, It 
api>carB that the nitrate of strontium renders the leaves half tailed. 

Chloride a/;— T liree leaves wei-o immersed in ninety 
minims of a solution of one part to 4d7 of water; after 3 hrs. 20 m. 
slij^lrt indection occurrerl, which increased during the next three licutrs. 
After 24 hrs. all three leaves had their tentacles n-cll inflected, and 
remained so for an additional 24 hrs. ; ^lamh not tli^coloured. 

Mercury i rercJdoridc ri/'— I'liree leaves w'crc immersed in ninety 
minims of a solution of one part to 437 of water; after 22 m. there 
was some slight iDfiection^ ivliich in 4H m. hecaine well i)rononnced ; 
the glands were now blackctieih After 5 hrs. 35 tin all the tentacles 
closely inflected; after 24 hrs. still inflected and discoloured. The 
leaves >vere then removed and left for two days in water; hut they 
never re-expanded, being evidently dead. 

Zinc, Chioride of. — Three leaves immersed in ninety iniiiiras of a 
solution of oiiH part to 437 of water were not afl'ceted in 25 hrs» 30 nn 
Aliitftinhim^ Chloride ri/l— Four leaves wei^e imuiersed in 120 
}ninims of a solution of one part to 437 of w^ater ; after T hrs, 45 m. no 
inflection; after 24 hrs. one leaf ratlier closely, the second rn^iidemtcly, 
the third and fourth hardly at all, inflected* The evident^ is doubtful, 
hut I think some pow'cr in slow'ly cauBing inflection must he attributed 
to this salt* These leaves were then ishiced in the solution (1 gr. to 
20 oi^.) of phospliate of ammonia, and al'tcr 7 hrs, 30 m, the three, 
which liiul been but little affected by the chloride, became radier 
closely inflRcte^i. 

V 

Ahijniniumt of . — Four leaves were immersed in I20miuini:^ 

of a solution of one j>art to 437 of water; after 7 hrs. 45 m. there ivas 
only a trace of inflection; after 24 lira, one haf was UKiderately 
inflected. The evidence is here again di>ubtful, as in the case of the 
chloriile of alumhuiun. I’he leaves were then Iran sh-r red to the same 
solution as before, of phospliate of ammonia; this ptrodiiced liardly any 
ettect in 7 hrs* 30 m. ; hut after 25 livs, one leaf rvas pretty closely 
inflected, the three others very slightly, perhaps not more so than 
from Tivater. 

find PotafUii-um^ SHlpJmte (f (common alum). — ILalf- 
minims of a solution of the usual strength were jdaced on the discs of 
nine leaves, hut prtnhiced no efi'ect. 

(iohi^ Chloride o/l— Seven leaves were immersed in so much of a 
sfdution of one ]xait to 437 of water that each received 30 ininints, 
containing of a grain, or 4 048 mg., of the chloride. There was 
some inflection hi 8 m., whicii hecaine extreme in 45 m. In 3 hrs. the 
surroiinduig fluid was coloured purple, and the glands were blackened. 
After 6 hrs. the leaves were transferred to watt'r; next morning tliev 
were found discoloured and evidently killed. The fleeretion decomposes 
the chloride very readily ; the glimda themselves becoming coated with 
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the tliimieflt layer of Toetalllc pirtideH ilont about ou tlic 

i^arface of the rturrouiiding iluicl 

Lcadi Chloride of. — lliree leaves were iimnerscKli m niuoty raimmsi 
of a solatioii of one part to 437 of water* After 23 hrs. there wa^ uot 
a trace of inflection ^ the glands were not Iilackened, find tlse leaves 
tlid not appear injureil. They were then transferred to the soliuioii (L 
gr. to 20 os.) of pliosphato of ammonia, and afier 24 hrs. t’ivo of them 
^vere somewhat, the third very Uttk% inflected 5 and they thus remained 
for another 24 Jirs* 

Tilly CMoride of, — ^Four leaves were immersed in 120 mitiims of a 
solution of alKtut. one part (all not being dissolved) to 437 of water. 
After 4 hrs* no offect ; after U lirs. 30 m. all four leaves had their sub- 
marginal tentacles inflected ; after 22 lirs. every single tentacle and 
the blatlea were closely inflected* The surrounding fluid was \mv 
■coloured pinh. Tlie leaves ivcre washeil and imnsferred to water, hut 
next morning w'cre evidently dead. This chloride is a deadly poi&i»n, 
but acts slowly* 

Aniitnonyt Tartrate of. — Three leaves were immersed in ninety 
.minims of a solution of one part to 437 of water* After 8 hrs. 30- m* there 
xvas slight inflection; after 24 hrs* two of the leaves were closely, and 
tho third iiuderately, inflected; glands not much darkened, The 
leaves w^ere w^ashed and placed in water, bat they remained in the siiime 
state for 48 additional hours* This salt is probably iwisonous, but 
acts slowly* 

Arfienlons Aeid. — A solution of one part to 437 of water; three 
leaves were immersed in ninety mimlus; in 25 m. considerable inflec- 
tion; in 1 hr* great inflection; glands not dim^oloured. After 6 hrs, 
the leaves were transfeiTCi.1 to water; next niortflng they looked fresh, 
but after four da}''S w’^ere palc-coloareilj had not re-expanded, and were 
<5vidently dead. 

Irony Chloride of. — Tliree leaves %vcre immersed in ninety minims of 
a solution of one mrt to 437 of water; in 8 hrs* no inflection; hut 
after 24 hrs. considerable inflection; glands blackened; fluid coloured 
yellow, with floating flocculent ])articles of oxide of iron. The leaves 
were tfien placed in water; after 48 hrs* they had rc-ex];^iandeii a very 
little, but 1 tliink were killetl ; glands excessively black. 

Chronuc Acid. — Une jmit to 437 of water; three leaves were 
immersed in ninety minims; in 30 lU* some, and in X hr, considerable, 
inflection ; after 2 hrs* all the tentacles closely Inftccteil, vvith the 
glands diswdouied. Placed in water, next day leaves quite discoloured 
and evidently killed. 

ManyanesOy Chloride of — Three leaves immor&ed in ninety minims 
of a solution of one luut to 437 of water ; after 22 lirs. no inoce 
inflection than often occurs in water; glands not blackened* The 
leaves were them placed in the usual HohitLon of phosphate of ammonia, 
but no inflection \va4 tmused even after 48 hrs. 

Coppery Chloride of. — 'L’hree leaves immersed in ninety minims of a 
solution of one part to 437 of wat^r ; after 2 hrs. some inflection ; after 
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tT liTS. 4 h 5 m* tentncleB closelj’^ iiillectotU tJie glands l^lackoncd. 

After 22 lirs. Btill closely iDflccted, and tlic leaves fiaccid. Placed iti 
pure watcr^ next day evidctii Jy dead* A raidd jwison* 

yickdr OMoride o/*— Three leaves iimnersed in ninety minims of a 
sointion of one part to 437 of water; in 26 in, considetahle inflection, 
and in 3 bra* all the tentacles eloaely inflected. After 22 hrs. still 
closely inflected; most of the glands, but not biackoned. The 
leaves were then placed in water; after 24 hrs. remainetl inflected; 
were funnewbat discoloured, with the glands and tentacles dingy red. 
Pmbably killed. 

Coliiih, CJdorifk (if . — Tliree leaves immersed in ninety minhnR of a 
solntioii of one part to 467 of water; after 26 lirs. there was not a 
trace of inflection, and the glands were not more blackened than often 
occurs after an equally long: immeraion in water. 

riatimimt Uhluride o/l— fl’hree leaves immersed in ninety minims of 
a solution of one part, to 437 of water ; in G m. some inflection, which 
l^ecamc immense after 4S in* After 3 Iirs. the glands were rather pale* 
After 24 hrs. all the tentacles still closely inflected ; glands colourlesa ; 
remained in same state for four dajra; leaves evidently killed* 

Conduding M^ymarks on the Avtion of the foregoing Salts, — Of 
tlio fifty-one salti3 and metallic acids vvliioli were tried, 
tw'enty-five ean^sod tbo tentacles to bo inflected, and twenty- 
six Lad no such effect, two rather doubtful cases occurring in 
each sei'ies. In the table at tLo head of tliis dlsciifisioi]i, the 
salts are arranged according to their chemical affinities; but 
their action on Drosera does not seem to lie thus governed* 
I'he nature of the base is far more important, as far as can bo 
judged from the few experiments here given, than that of the 
acid; and this is the conclusioiL at which ]>hysiologists have 
arnved with respect to animals. We see this fact illustrated 
in all the nine salts of soda causing infiection, and in not 
being poisonous except when given in largo doses ; whereas 
si3ven of the corresponding salts of potash do not Cftiise 
inflection, and some of them are poisonous* Two of them, 
however, viz. tho oxalate and iodide of potash, slowdy in- 
ti lu^d a slight and rather doubtful amount of inflection* 
I his dificrenco between the two series is interesting, us Dr. 
lJurdon H undersoil informs me that sodium salts may be 
introduced iu large doses into the circulation of mammals 
without any injurious effects; whilst small doses of pota:^- 
sium salts cause death by suddenly arresting the movoiueiita- 
of the heart. An excellent instance of the different action of 
the two series is presented by the phosphate of soda quickly 
ixiuaing vigorous inflection, whilst phosphate of potash 
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quite inefficient. The great power of the former is prohahly 
(Itio to the pi’esence of pliosphoTtia, as in the cases of pho«- 
]>liatc of lime and of ammonia, llcnce we may infer that 
l>roscra cannot obtain phosphorus from the phosphate of 
potash. This is remarkaldei, as J bear from Dr. Enrdon 
rianderson that phosphate of potasli is certainly decomposed 
within the bodies of aninials. Most of tho salts of soda act 
very rapidly ; the iodide acting slowest. The oxalate, nitrate, 
and citrate aeetn to have a special tendency to cause the 
blade of the leaf to bo inflected. The glands of the disc, 
after absorbing the citrate, tmiisiiiit hardly any motor impulse 
to the outer tentacles; and in tliis character tho citrate of 
soda reseniblca the citrate of ammonia, or a decoction of 
grass-leaves; these three fiuida all acting chiefly on the 
blade. 

It seems opposed to the mle of tho preponderant influence 
of the base that the nitrate of lithium causes moderately 
rapid inflection, whereas the acetate causes none ; but this 
metal is closely allied to sodium and potassium, * which act 
so differently ; tliereforo we might exi>cct that its action 
would be intermediate. \Vc see, also, that cajsium causes 
inflection, and rubidium docs not; and these two metals are 
allied to sodium and potassium. Most of the earthy salts are 
inoperative. Two salts of calcium, four of magnesium, two 
of barium, and two of Ktrontium, did not cause any inflection* 
and thus follow the rule of the preponderant power of the 
base. Of three salts of aluminium, one di{l not act* a second 
siiftw'ed a trace of action, and the third acted slowly and 
doubtfully, so that their effects are nearly alike. 

Of the salts and acids of ordinary metals, seven toon were 
tried* and only four, iiamely those of zinc, load, manganese, 
and cobalt, failed to caiiso inflection, Tho salts of cad- 
mium, till, antimony, and iron act slowly; and the three 
latter seem more or le^s poisonous. The salts of silver, 
mercury* gold* copper* nickel, and platinum, chromic and 
arsenious acids, cause great inflection with extreme quick- 
ness, ami arc deadly poisons. It is surprising, judging from 
animals* that lead and biriuin should not bo poisonous. 
Most of the poisonous salts make the glands black, but 
chloride of platiniun made them very pale. I shall have 
occasion, in the next chapter, to add a few remarks on the 
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aiffcrcnt effects of pliosphatc of amraonia ou leaves previously 
immersed in various solutions. 



Acins. 



1 will first give, as in tho ca?<e of the salts, a list of tlie 
twenty-four acids which were tried, divided into two series, 
according as they cause or do not cause inflection* After 
describing the experiments, a few conclnding remarlts will 
be added. 



Acids, much DiLutjcn, wnicii d*iU3i'3 

iNFLIiCTiO?!. 



1. Nitrk, atrong icfledltm; poi- 

sonrjiis, 

2. llplrochlorie* moilcmto and slow 
inHeetion ; not iH>isoacnia* 

U* Hydriodic, stroiig inflection ; 
poisonous. 

4-, Iodic, stTong inflect ion; poisonous. 
5. i^nljihuric, strong intlcctlou ; 

5 ^ 0111 ^^ 1:1 At poisonou^i+ 
e. Phosphoric, strong iiiRcctiun ; 
}joisouous^ 

7. Borfide, moderate and rather 
slow inriection ; not poisonous. 
Formic, very Alight iaflectloH ; 
not poisoiioiia. 
y. Acetic, strong and ra 
tioii ; poisonous. 

10. Prop ion Lc, strong hut not very 
rapid iiiflettion ; [Kd so nous. 

11. Oleic, (|iitck jiidection ; very 
poisonouA^ 

12. Carbolic, very slow inflection; 
poisonoos. 

PC Lactic, slow and inodcrat'e infec- 
tion ; poisonous, 

14. U.\aUo, modemteiy quick in£ec- 
tion ; very poisonoui. 

I'j. II alio, very slow Uut eousiderable 
iuflection; uot poisonous. 

16. Benzoic,’ rapid infection; very 
poisonous. 

17. fcjuociuic, modemteiy quick in- 
riection ; moJerqitely poisonous. 

15. llijjpuric, ratiior slow inflection ; 

|XUSOI 10 US, 

10. Hydroc3'njiie, ratlmr rapid in- 
flection ; Very poisonous. 



,pid inflee 



Acids, DiLtirKD 'ro the aamu 
Peg REE, WHICH m not cause 
Inflectios. 

1. Gallic; not poisoiuius. 

‘ 2 . Tannic ; uot poisonous. 

3. Tjiitaric ; not poisonous. 

4. Citric; not poisonous. 

5. Uric ; (?) not poisonous. 
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Xitric AciiL — Four loaves ivcrc jilaccil, cacli hi tliirty miiiitna of one 
part by iveiglit of tbe acid to 4ct7 of water, so that eacii reccivod ^ of 
41 grain, or 4*048 mg. 4'liis strengtli Wiia ciiuseu for this and mos^t of 
Tlui fthiowiiig ejcinjrimeiitsi, as it is the same as that of moyt of the 
Joregoirig saline solutloTis, }n 2 hrs, t'IO nu some of the leaves were 
eonsiderahly, and in G hrn. 30 in, all were imiiieiiscly, inflected, as were 
iheir blades* The surrounding fluid wai slightly coloured pink, wliidi 
always shows that the leaves have been injiireil. They were tlien left 
in water for three days ; but they remained hiilected and were evidently 
killed. ?lost of the glands had become colourless, dhvo leaves were 
then immersed, each in tljirty minims of ons part to 1000 of water; in 

few lioura there was some inilection ; and after 24 hrs. both leaves 
had almost all their tentacles and blades inflected ; tiiey were loft in 
water for three dayH, and one parrially rc-oxjiaiided and recr>vered. 
'Ihvo leaves were next immersal, each in thirt^f^ minims of one part to 
2000 of ’Water ; tliis prf>luccd very little effect, exoe])t that most of tlie 
tentacles close to the summit of the petiole w’crc inflected, as if the add 
laid lieen absorbed by the cutmfl’end, 

llt/drorhluric Jcirf.— One imrt to 111 7 of water; four leaves were 
immersed as before, each in thirty minims. After 6 hrs. only one leaf 
was considerably inflected. After 8 hrs, 15 m. one had ita tentacles 
and blady well inflected; the other three ’ivere moderately inflected, 
-and the blade of one slightly. The sumumdtng fluid was not coloured 
at all pink. After 25 lirs. three of these four leaves began to rc- 
exjiand, but their glands wfere of a pink instead of a red colour ; after 
two more days they fully re-esiKinded ; hut the fourth leaf remained 
inflected, and Kcemed much injured or killed, with its glands white. 
Four leaves were then treated, eacli w’itli thirty unnimfi of one part to 
875 of water; after 21 hrs. they were mcderately inflected; and, on 
iKaiig transferred to w^ater, fully re-expanded in two days, and seemed 
quite healthy. 

Il^driodic One to 437 of water ; three leaves were immersed 

as before, each in thirty minims* After 45 m. the glands were dis- 
■cobured, and the surrounding fiiiid became pinkish, Imt there w’as no 
inflection, After 5 hrs. all the tentacles were closely inALCEcd ; and an 
immense amount of mucus was secreted, so that the fluid could be 
nlraw-n out into long roiies, TJie leaves ’\verc then iflaced in water, but 
never re-expanded, and were evidently killed. Four leaves were next 
immersed in one iiart to B75 of water; the action w^as now slower, but 
after 22 hi-s. all four leaves were closely inflected, and wera affected in 
•other resjiects as alx>ve described. These leaves did not, re-ex ^kand, 
though left for four days in water* This acid acts far move ^lowerfully 
than hydrochloric, and is jToisonous. 

Lxlui Acid. — One to 437 of w*ater; three leaves were immersed, each 
in thirty minims; after 3 hrs* strong ioflection; after 4 hrs. glands 
•dark browui; after 8 hrs* 30 rn* close inflection, and the ^leaves liad 
become flaccid ; surrounding fluid not colonized pink* Tiiese leaves 
avcrc then placed in w ater, and next day w ere evidently dead. 
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Sulphuric Acid^ — One to 437 of water ; four leaves were imnicrserl 
each in tliirty minmiB ; after 4 bra. ^reat inflectioii; after G hra. 
su rroiind ill g fluid jsiat tinged pink; they were then placed in water, 
fuid after 4G his. two of them were still dosely inllectcd, two 
ning to re’Cspand ; many of the glands colourless. This acid ia uot 
so pKusonous aa hydr iodic or icnltc acids. 

One to 437 of w'ater ; three leaves were immersed 

.togctiicr in ninety minims; after 5 lira, 30 m. some inflection, and 
some glands coloiirless; after Isrs. all the tentacles closely mfleqted, 
and many glands colourless : Butri'iiliding fluid pink. Left in water 
for two days and a half, remained in the same state and appeared dead. 

Bonucrc Acid, — One to 437 of water; four leaves were immersed 
together in TJO miiiims ; after 0 In's, very slight inflection; after 8 
hrs. 15 m. two were considerably luflectcrh the other two slightly. 
After 24 hrs. one leaf was ratlier closely inflected, the second less 
clossely, the third and fourth moderately. The leaves were washed and 
put inm w\ater; after 24 hrs. they wx're almoat fully Tc-eximndid and 
looked liealtliy. I'his acid agrees closely wnth hydrochloric Ekcid of 
the same strength in its powxr of causing inflection, <uid in not being 
jxiisonous, 

^brniic Acid . — Four leaves were immersed logether in 120 itiiniTns 
of one jiart to 437 of water ; after 40 m. slight, and afier 0 hrs. 30 m. 
very moderate inflection; after 32 hrs, only a little more inflection than 
often occurs in w^ater. Two of the leaves wore then w-ashed and 
placed in a solution (1 gr. to 20 ok.) of phosphate of ammonia ; after 
24 hrs. they were considerably inflected, xviih the cont^^nts of their 
cells aggregated, showing that the phosphate had acted, though not to 
the full and ordinary degree. 

Acetic Acid . — Four leaves w’cre immersed together in 120 minims? of 
one puTt to 43 i of water, In. 1 hr- 20 m, the tentiiclcs of all four and 
the blades of two were greatly inflected. After H hrs. the leaves had 
become flaccid, but still remaiued closely inflected, the sun'oundmg fluid 
being coloured pink. They were then washi*d imd placed in water; 
next morning they were still inflected arid of a very dark red colour, 
blit TiVith their glanfli^ colourless. After anotlicr day they wuue dingy- 
coloured, and evidently dead. This acid is tar more powerful than 
formic, and is highly poisonous, Ilalf-minim dro]ia of a stronger 
mixture (viz- one pjtrt by meas^itre to 320 of w^ater) w'ctc placed on iho 
discs of five leaves; none of the exterior tentacles, only those on the 
TOreJer^ of the disc which actually ahsorbed the ndi.l, became infiected- 
Frobably the dose was too Sitrong and pjamlysed the leaves, for drops 

cauJ?ed much inflection; nevertheless, the leaves 
all dit-it after two days, 

.u 
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20 lirs,, most of tlao ghriils wore very pale^ but Kome Tew iilmOBb 
bLick* Xo raucLis httil bt^cn socreteii, atA tlie aurroimdiDg tluid was 
only j list perceptibly tintecl of a pule pink. After 4C ijra, the leaves 
becuuie sllglitly iiaccid aud wxto evidently kilUitl* as was at ter wards 
proved to be the eas^e by keeping them in ivuter, Tlie protoplasm in 
tlie closely inflected tentacles was not in the least aggregated, but 
towards their bases it was cullccteil in little brownifih iiiasses at the 
bed toms of the cells* This protoplasm was dead, for, on leaving the 
leaf in a solution of ca^l]K^natc of ammoiiiurt no aggregatioti ensiled. 
Tropioriic add is highly tjoisonous to Eroscra, like its ally acetic ndd^ 
but mduoL-s inflcciioii at a much sloiver rate. 

Okie Acid (given me by Prof* Frank land). — 'I’lirce leaves were 
immersed in this add ; some inflection was almost immediately 
caused, which, increased slightly, but then ceased, and the ieuvts 
secme<i killid. Xext morning they were rather shriveiled, and many 
of the gluiidft lifid talkii olF the tcntacks. l>ro]is of this acid were 
placed on the discs of four leaves; in 40 ra. all tlic tentacles were 
greatly inflected, e:iCC|Tting the extreme marginal ones ; and many of 
these after 3 hrs, became inflected, I was leil to try tlnB acid from 
fiupi>osing that it ’was present (which does not seem to be the case)* 
in olive oil, the action of which is anomalous. Thus drops of this oil 
placed oil the disc do not cause the outer tentiicles to be inflected ; yet, 
w'hen minute dretps were abided to the secixjrbn surrounding the glands 
of the outer tentacles, these ’^vere occa^iionally, but by no means ahvoys, 
inflecteil. Two leaves were also immersed in this oil, and there was 
no inflection for al>out 12 lirs* ; but after ti3 hrs. almost all the tentacles 
were inflected* Three leaves were Likewise immersed in unltoileil 
lin»eeel oil, arid sr.iori liecarac somewhat, and in 3 hrs, greatly inflected. 
After 1 hr* the Eccretion round the glaiida was coloured pink* I infer 
from this lattc^r fact that the ptnver tif linaeenl od to cause inflection 
cannot be attributeil to tliC albumin which it h said to contain* 

Carholia Iwo haves were immeraed in sixty minims of a 

solution ofl gr. to 437 of water; in 7 hrs. one wm slightly, and in 24 
hrs. b>th were closely, inflected, with a surprising amount of mucus 
secreted. Tiicse lea were w’ashed anil left for tw^o days in water; 
they remained inflected; most of their glands became pale, and they 
seemed dead* Tins acid is poisonous, but does not act nearly so 
lajiidly or ^lOW'erfully as might have i>eeu exjiectcd from its known de- 
ist me tlve power on the lowest organisms* Halbminims of the Bame 
solution were phiced on the discs of three leaves; after 24 hrs. no 
inflection of ihe outer tentacles ensued, and when bits of meat ivere 
given them tiiey became fairly well inflected, Again lialf-mininis of 
a stronger solution, of one part to 218 of water, wei“e placed on the discs 
of three leaves; no infleetion of the outer tentacles ensutid^; bits of 
meat were then given as before ; one leaf alone beCEUne well inflected. 



* irticles on Glvcerine and 01 sic Acid in Watts' ‘ Diet, of Clietnistiy, 



158 



I>RORi:TtA KOTUX J>i FOIJA, 



[CiiAf. YIII 



tine gland b of the other t^va ii|ip€[iring much injiirtnl and diy. 
We tlius sec llint the glands, of the discs, after absorbing this- 
acid, rarely transmit any motor iniimlse to tiic outer tentacles; 
ilioTigli these, whm tlieir own glands absorb the add, are strongly 
acted on. 

Lactic Acid . — Three leaves were immersed in ninety minims of one 
part to 437 of water. After 48 m, there wtis no inflection, but th^ 
surrounding fluid T,vas coloured pink ; after 8 hrs. 30 ni. one leaf abno 
was a litOe intlL^cteii, and almost all the glands on all tliree heaves were 
of a very pale colour. I'he leaves were then washed and placed in n 
Bokition (1 gr, to 1^0 oz.) of phoi^phate of ammonia ; after alx>lit IG hrs. 
tliere was only a trace of inflection. They were left in the pliosphate 
for 48 hrs., and remained in the same at ate, witli almost all tlieir 
glands discoloLtred. The jjrotoyilasm within tiie cellii w'a.^ not ag- 
gregated, except in a very few ten tad eK, the glands of which were not 
much dificoloured. J l>elieve, therefore, that almost all the glands and 
tentacles had been kiiled by the add so suddenly that hardly an^'^ 
inflection was canned. Four leaves were next immersed in 120 minims 
of a weaker solution, of one part to 875 of water; after 2 hrs. 30 in. 
the surrounding fluiil was quiie jduk ; the glanda ivere jiale, but there 
was no indection; after 7 brs. 30 m, two of tlie leaves showed soine 
inflexion, and the ghinds were.almost white; after 21 lirs. two of the 
IcavTB w-erc considerably inflected, and a third slightly; most of the 
glands were wdiite, the others dark red. After 45 hrs. one leaf had 
almost every tentacle inflected ; a second a large number; the third 
and fourth very few; almost all theglatuls were white, exceptitig those 
on the iliscsof two of tlte leaves, and many of these were very dark red. 
The leaves appeared dead. Hence lactic aeid acts in a very peculiar 
mannei-j causing inflection at an oxtraoiYlinai^ily sloiv rate, and l>eiiig 
highly poisonous. Immei-aion iu even wea]?cr solutions, viz. of one 
part to 1312 and 1750 of water, apparently killed the leaves (the 
tentacles af[er a time being Ixnved backwards), and rendered the 
glands white, but caused no in flection, 

QaUiCf L’annic^ Tartaric, and Citric Acids. — One part to 437 of 
water. Three or four leaves were immersed, each in. 30 ininitns of these 
four solutions, st> that each leaf received of a grain, or 4^048 mg. No 
inflection wprs caused in 24 hrs., and the leaves did not apiiear at all 
injured. Those which had been in the tannic and tartaric acids were 
placfHijn a soiiUioa (1 gr. to £0 oz.) of phosphate of ainmouia, but no 
in flee tion ensued in 24 hrs. On tlic other hand, the four leaves which 
hncL hei‘U m the citric jicid, wdien treated wdih the phosphate, became 
decidedly inflected in 50 nn, and fittoiigly inflected after 5 hrs., and so 
remained fihr the nex:t 24 hrs. 

Malic act d.- Ihreo leaves were iuinicrsed in ninety minims of a 
Kolutioii oi one yiart to 437 of water; no inflccticn was caused in 8 firs. 
20 m. but after 24 hrs, two of them W'ere considerably, and the third 
slightly, iiiHrcted more so than could be accounted for by the action 
of water* No g[cat amount of mucus was secreted. Tliey were then 
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]>laccd ill water^ and after two days partially re-ox[)antled. Hence this 
acid is not ixiisonous* 

Oxalic Acul . — Tiirec leaves were immersed in ninety minitns of a 
solution of 1 gr. to 437 of water; after 2 hrs, 10 m, there was much 
inflection ; glands pale; the surroimding finid of a dark pink colour; 
after 8 hra* excessive inflection Tiie leaves were then placed in water; 
after about 16 lirs, the tentacles were of a very dark red colour, like 
tlKkse of the leaves in acetic acid. After 24 additional hours, the three 
leaves were dead and their glands colourless* 

JkrizoiQ Acid . — Five leaves ware imnieised, each in thirty minims 
of a solution of 1 gr. to 437 of water. This solution was so weak that 
it only just tasted acid, yet, as wo shall see, was liiglily poisonous to 
Dp:«era. After 52 m. the Bubiimrginal tentacles \vcro somewhat 
in fleeted, and all the gliinds very jKile-ooluured; tlic surroanding fluid 
xvas coloured pink. On one occasion the fluid JDccame ]'ink in the 
course of only 12 rn. and the glands as white as if the leaf haii been 
dipjMjd in boiling water- After 4 hrs. much inflection; but none of 
the tentacles wore closdy inflected, owing, as I believe, to their having 
been [Kiralysed before they had time to compicto tiicir movement. An 
extraonlinaiy quantity of mucus was secreted* Stimo of the leaves 
were left in the solution; others, after an irnmmion of 6 lir.s, 80 ni*, 
were placetl in Avater. Next morning both lots ivero quite dead ; the 
leaves in the sedution being flaccid, those in the water (now coloured 
yellow) of a pale brown tint, anil their glands white. 

Suxeime Acid. — Three leaves were immersed in ninety minims of 
a solution of one gr. to 437 of water; after 4 hrs. 15 m. considerable, 
and after 2,3 hrs. great, inflection; many of the glands pile; fluid 
coloured pink. The leaves were then washed and placed in ivaUir ; after 
two days there was some reKsxpanaion, but many of the glands were 
still white. This acid is not nearly so p<dsotious as oxalic or benzoic. 

{fric Acid^ — Three leaves were immersed in 180 minims of a solution 
of 1 gr, to 875 of warm water, but all tlie acid was not dissolved ; so 
that each received nearly of a grain. After 25 in. them was some 
slight inflection; but this never jiicreased ; after II hrs. the glands 
were not discoloured, nor wsis the solution CoIoutxxI pink ; nevertheless, 
much imtcus was secreted. Tho leaves wero thtu placed in water, and 
by next morning fully re-ex [janded. I doubt whether ilna add really 
causes inflection, for the slight movement which at first occtirrcil 
may have lieen duo to the presence of a trace of albuminous matter. 
Hut it protiuces some effect, as shown by the secretion of so much 
mucus. 

Jfippuric Acid. — Four leaves were inimersal in 120 mlnim.s of a 
aeJution off gr. to 437 of water, After 2 hrs. the fluid >vas coloured 
pink ; glands iKala, but no inflection. After 6 hrs. some inflection ; 
after 0 hrs. ell four leaves greatly inflected; much mucua s^ecreted; all 
ilic glaudrt very pale* The leaves were tlieu left in water for two d.ays; 
tliey remaitied closely inflected, with tlieir glamU colourless, and i do 
not doubt were killcil. 
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Ihjdrot'ijanic Add. — Four lorivefi wcro immerseil, each m thirty 
minims of ony part to 4^47 of watery in 2 lira. 45 ni. all the tcntactJa 
were OfHiHiderahly inflected;, witli many of the glandw pale; after 3 hn; 
45 m. all strongly inflected, and the surromidfrig fluid coloured jULik ■ 
aft(/!r G hrs. all cloEcly lErflected^ After ;m iminevslon of 8 hrn. 20 
tlie kraves vrerc washed and placed in water; next morning, after about 
IG lira., they were still inflected and discoloured; on tlie succeed] nfr 
day they were evidently dead. Two leaves were immersed in. a 
stronger mixture, of one part to fifty t if water; in 1 hr. 45 m. the 
glands became as white as porcelain, as if they had been dipped 
boiling water; very few of the tentacles were inflecteil ; but after 4 
hrs. almost all were inflected. These leaves were then placed in water 
and next morning were evidently dead, llalf-iuinim drops of the aarno 
atreugth (via. one part to fifty of water) were nest placed on thedisc^ 
of live leaves; after 21 hrs. all the oatej" tcntaclesi were inflected and 
the leaves ap]>eared mucli injured. 1 likewise touched the secretion 
round a large number of glands with minute drops (about of a ininim, 
or ■ 002GG c.c.) of Schcele’s mixture (containing 4 per cent, of anhydrous 
acid); the glands first became bright red^ and after 3 hrs. 15 m. 
about two-t birds of the tentacles bearing these glands were inflected 
and remained so for the two succeeding days, wdien they appeared 
dead. 



Concluding Eenmr^s on the Actmi of Acids . — It ie evident 
tbnt acids have a strong tendoncy to cause the inflection of 
the tentacles ; * for, out of twenty-four acids tried, nineteen 
thus acted, either rapidly and energefically, or slowly and 
slightly. This fact is remarkable, as the juices of many 
plants contiun more acid, judging by the 'taste, than the 
solutions employed in my experiments. From the powerful 
eflects of so many acids on iJrosera, %ve are led to infer that 
thos<j naturally contained in the tissues of this plant, as well 
as of others, must play some important part in their economy. 
Of the five cases in w'^hieii acids did not cause the tentacles 
to be inflected, one is doubtful ; for uric acid did act slightly, 
and caused a copious secretion of nincns. Mere soiiniess to 
the taste is no criterion of the power of an acid on Drosera, 
as citric and tarta-ric acids are very' sour, yet do not excite 
inflection. It is remarkable ho^v acids differ in thoir poTver. 
Ihns, hydrochloric acid acts far less powerfully than hydriodic 



* Aecording to M. Fournier (* Do 
la Ftjooinhaion lUuis lti» PhfiiK-rct. 
games,’ 18ti5, p. BIJ dro^is of ucetio, 
Fydnioyaiilc, and sulphuric acid 



cause tiift sta-metia of liorboris in- 
stantly to close ; though droids ‘if 
Water hav^e no such power, which 
bitter Btuterneut I can con ii nil. 
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and many other acids of the same strength, and h not 
poisonous. This is an into res ting fact, as hydrochloric acid 
plays so important a part in the digostivo process of animals. 
Formic acid induces very slight inflection, and is not poison- 
ous ; whereas its ally, acetic acid, acts rapidly and powerfully, 
and is p-oieonoua. Malic acid acts slightly, ivhercafl citnc 
and tartaric acids produce no effect* Lactic acid is poisonous, 
and is remark ahle from inducing inflection only after a 
considerable interyal of time* Xothing surprised me more 
than tliat a solution of benzoic acid, so weak os to be hardly 
acidulous to the taste, should act with great rapidity and be 
highly poisonous ; for I am informed tliat it produces no 
marked effect on the animal economy* It may be seen, by 
looking do\sm the list at the head of this discusaion, that 
most of the acids arc poisonous, often highly so. Diluted 
acids are kno^Mi to induce negative oamoao,* and the 
jioisonous action of so many acids on Droscra is, perhaps, 
connected with this power, for we have seen that the fluid in 
w’hich they were immersed often became pink, and tho 
glands pale^oloured or white* Many of the poisonous acids, 
such as liy dr iodic, benzoic, hippuric, and carbolic (bnt I 
neglected to record all the cases), caused the seerotion of an 
extraordinary amount of mucus* so that long ropes of this 
matter hung from tho leaves when they were lifted out of 
the solutions* Other acids, such hydrochloric and malic, 
have no such tendency; in these two latter cases the sur- 
rounding fluid w^as not coloured pink, and the leaves were 
not poisoned* On tho other hand, propionic acid, w hich is 
poisonous, does not cause much mucus to be secreted, yet the 
surrounding fluid became slightly pink* Ijastly, as in the 
case of saline solutions, leaves, after being immersed in cer- 
tain acids, w^ere soon acted on by phosphate of ammouia ; on 
tho other liand, they wore not thus affected after immersion 
in certain other acids* To this subject, however, I shall 
liave to recur* 




* JIiUer'5 ' Ehmeiit:! of Chemistry,’ part i* 18&7, p. 87. 
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CIJAPTEK IX. 

The Effects of certain ALKAi/>m Toisons^ other Suijstanceh a.vu 

Vafoutis, 

Strvchiuiiiej of— Qcimine, f?u][>hntp of, does not soon arrest the 

*inentrtt'the protoplnsm — Other salts of f|uinii:ie — Di^fitaline — Xicotioe— 
Atropine — Veratrine — Cole, hie itie — Thcine — Curare— Morphia — Hyos- 
cyam ns— Poison of the eolra, ap|iAreiit]y aeeelerflt4^.s the rao\'emeiib of 
the protoplasm — Cami|ihor, a ]POweiiul stiiiUilanU ita vapour narcotic— 
Certain esisential oils escite movement — Glycerine — ^ Water and eertiiin 
soltitions relanl or prevent tlie iiil.jse^]uent action, of jjhosphate of 
ammonia — A1 colic I innocuous, its vapour narcotic ami poiaonous-^’lljlaiTo- 
form, Bulphuric ami nitric cthci‘, their stimulant , poisonous, anJ narcotic 
j>ovver — Carbouic acid narcotic, not poisonous — Concliidmj^ 

remarhs. 

As in the last chapter, I will first gh'-o my experiment and 
then a brief snmiiiary of the resiulh? w’ith some concluding 
remarks. 

Acetate of Half-initiims of a solution of one part to 437 

of water were placed on the discs of fiix lea%'es ; so that each received 
of ft ^rain, or "OG75 tiig. In 2 Lrs, 30 in, the outer tentacles on 
some of them were injected, but in an irregular manner, sometimes 
only on one side of the leaf. The next inorniug, after 22 hrs. 30 m,, 
the indcctiou had not increa^sed. The glands on the central disc Avere 
blackeneti, and had ceased eecreting. After an additional 24 Jars, all 
the central glands seemed dead, but the iiiflectcd tentacles had re-ex- 
panded and appearoil quite healthy, Hence the jjKjisonons action of 
strycVmine seems confined to the glands which have absorlwd it : never- 
the less, these glands transmit a motor impulse to the exterior ten cades. 
Alinuto drop^fi (alxnit ^ of a ininim) of the same solutton applietl to 
the glands of the ouier tentacles occasional ly caused them to bend, 
Ihc poison does not seem to act quickly, for having applied to several 
glands similar drops of a rather stronger solution, of one jiart to 202 of 
water, tins tlid not prevent the tentacles bending, when their glands 
Avere excited, after an inter\'al of a quarter to three quarters of an hour, 
by being ml>bed or given bits of meat. Similar drops of a tH>hition of 
one part to 218 of Avater (2 grs. to 1 ox.) quickly bhickened the glands ; 
acme few tentadea thus treated moved, whilst others did not. The 
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latter^ however, on Ifeid^ subsequently moistened with Buliva. or given 
bits of meat, became incui ved, though with extreme slowness * Atid 
this shows that they bad been injured. Ktrouger solutions (but the 
strength was not asceriuined) sometimes Arrested all iiower of movement 
very q^oickly ; thus bits of meat were plEUM 3 tl on the gknds of eeveral 
exterior tentacles, and as soon as they began to move* minute dro[M of 
the strong solutioti were added. They continued for a short tinie to 
go on landing, and then suddenly stood still j other tentacles on the 
same leaves* with meat on fheir glatids* but not wetted with the 
strychnine, contiiiueil to liend and soon reached the centre of the 
leaf. 

Citrate of Str^eJinine.- — Half-minima of a solution of one jiart to 
4t37 of w^atcr were placed on the discs of six leaves; after 24 hra. the 
outer tentacleft showed only a trace of infieotion. Bits of meat were 
then placed on three of these leaves* but in 24 hrs. only slight and 
irregular inflection occurred, proving that the leaves had been greatly 
injured. Two of the leaves to which meat had not been given had 
their discal glands dry and much injured. Jlinute drojw of a strong 
solution of one jiart to 109 of water (4 gis. to 1 ox.) w ere added to the 
secretion round Heveiial glands, but did not prcHhice nearly so f>!ain an 
effect as the drops of a much w-eaker solution of the acetate. Particles 
of the dry citrate were placed on six glands ; two of these moveti some 
way to^wards the centre, and then stood still, being no doubt killed; 
three others curved ranch farther inwards, and were then fixed; one 
ukne reached the centre. Five leaves were immersed, each in thirty 
minims of a solution of one iiart to 437 of wafer; so timteach received 
of a grain ; after about 1 hr. some of the outer tentacles became 
iufleeled, and the glands ’were oddly mottled with black and white. 
These glands, in from 4 hrs, to 5 hrs., became whitish and opaque, and 
the protoplasm in the cells of the tentacles was well aggregated. By 
this time two of the leaves w’cre greatly inflected, but the three otiiera 
not much more inflected than they were Ixtfure. Nevertheless tw^o 
fresh leaves, after an immersion respectively for 3 hrs. and 4 hrs. in 
the BohitioD, w’cro not killctl; for on being left Ibr 1 hr. 30 m. in a 
solution of one part of carbonate of ammonia tq 218 of water* their 
tentacles Ixicame more inflected, and there was much aggregation. 
The glands of two other leaves, after an immersion for 2 hrs. in a 
stronger solution* of one part of the citrate to 218 of water, became of 
an oiwjue, pale pink colour, which before long disappeared, leaving 
them white. One of these t^vo leaves bad its blade and tentaclesi 
greatly inflected ; the other hai-dly at all; but the protoplasm in the 
cellfl of both was aggregated down to the bai?ea of the tentades, 
with the spherical maE^^!e^ 5 ^ in the cells close Ifeneath the glands 
blackened. After 24 lira, one of these leaves was colourless, and 
evidently dead. 

Sviphaie of Quiaine.— Some of this salt was added to water, iivliich 
is said to dissolve part of its weight. Five leaves were immeriEed, 
each in thirty minims of this solution* which tasted bitter. In less 
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than 1 hr. some of them Iiad a few tentacles inflecttsL Jn 3 hrs. most 
of the glanda Veame wlntisb, others tlaik-colourcd, and matiy oddly 
mottled. After G hrfi. two of the leaTea hfvtl a good many tentacles 
inflected^ but this very inncleiatc degree of inflection never increased. 
One of the leaves was taken out of the aointion Jiftcr 4 hrs., and placed 
ill water j by the next morning some fCTiV of the inflected tentacles had 
re- expanded, showing that they were not dead; but the glands ivere 
still much disjculoureil. Another leaf not included in tho above lot* 
afi.er an immersion of 3 hra. 15 m.* was carefully examined; the pro 
topksm in tiic oelk of the outer tentacles, and of the short gieeu ones 
on the disc, had become strongly aggregated down to their bases; and 
I distinctly saw that the little masses changed their positions and 
shapes rather rapidly ; some cmlcscing and again scj.iarating. 1 was 
surprised at this fact, because quinine is said to arrest all movement in 
the white corpuscles of the blotxl; bat as, according to UiuK,* this is 
due to their being no longer supplied with oxygen by the red coqruscles, 
any such arrestment of movement Could not be expected in Diosera. 
That the glands had absorbed some of the salt was evident from their 
change of colour; but I at first thought that the solution might not 
have travelled down the cells of the tentacles, where the protoplasm 
was seen in active movement. This view, however, I have no doubt* 
is erroneous, for a leaf which had been immersed for 3 hrs. in the 
quinine solution was then placed in a little solution of one tiart of 
carbonate of ammonia to 218 of water; and in 30 m. the glanis and 
the upi>er cells of the tentacles l>ecame intensely black, with the pro- 
toplasm presenting a very unusual aprxjaranoc ; for it had become 
aggregated into reticulated ding 3 ‘'“coloured masses, having rounded and 
angular interspaces. As I have never seen this effect produced by the 
carbonate of ammonia alone, it must lie attributed to the previous 
action of the quinine* These reticulated masses wTre ivatchc?d for 
some time, but did not change their forms; bo that the protoplasm no 
doubt had been killed by the combined action of the two salts, though 
exp 06 CH.l to them for only a short time* 

Another leaf, after an immersion for 24 hrs, in the quinine solution, 
became somewhat flaccid, and the protoplasm in all the cells was 
^-Slstegatcd. Many of the aggregated masses were discolourefl, and 
presented a granular appearance ; they were spherical, or elongated, or 
still more commonly couaated of little curved chains of small globules* 

^one of these masses exhibited the least movement, and no doubt were 
all dead. 

Hall’initiimB of the solution were placed on tho discs of six leaves; 
after «3 hrs. one had all its tentacles, two had a few, and the others 
nono inflected ; so that the discal glandg, when irritated by this salt, 
a'j transmit any strong motor impulse to the outer tentacles. 
After 48 hn^* the glands on the discs of all six leav^cs were evidently 
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much injured or quite killed. It is clear that this salt h highly 
poisonous.* 

Atmtate of Quinine.- — Four leaves were immersed^ each iu tliirty 
minims of a fiolntion of one i^art to 437 of water. The solution was 
tested with litmus |japer, and was not aclL After only 10 m. all four 
leaves were greatly^ and after G hrs. itmnenHel^', inflected* They were 
then left in water for GO hrs., but never re-expanded ; the glandk were 
Tvhite, and the leaves evidently dead. This salt is far more efficient 
than the sulphato in causing inflection, and, like that salt, is highly 
poisM>nouft* 

Xitmte of Qumine ^ — Four leaves were immersed, each in thirty 
minims of a solution of one i>art to 437 of water. After 0 lira, there 
was hardly a trace of inflection; after 22 hrs* three of the leaves were 
moderately, and the fourth slightly inflected ; so that this salt induces, 
though rather slowly, well-niifti'ked inflection. 'J’hcse leaves, on being 
left in water for 48 hrs., ulinost completely re-expanded, but the glands 
wero much discoloured* Hence this salt is not ^isonous in any high 
degree. The different action of the three foregoing salts of quinine is 
singular* 

BiijitaUne. — llalf-miniras of a solution of one part to 437 of water 
were placed on the discs of hve leaves. In 3 lira* 45 m. some of them 
had their tentacles, aud one had its blade, moflcrately inflectetl. After 
8 lirs. three of them w ere well inflected ; the fourth liad only a few 
tentacles inflected, and the fifth (an old leaf) w'as not at all affected. 
They remained in neatly the game state for two days, but the glands 
on their discs became pale* On the third day the leaves appeared 
much injured. Nevertheless, when bits of meat were placed on two of 
them, the outer tentacleB became inflected. A minute drop (about ^ 
of a minim) of the solution W'as applied to three glands, and after G 
hrs. all three tentacles were inflected, but next diay had ^nearly re- 
expanded; so that this very small dose of ^ grain ( 0022ri 

mg.) acts on a tentacle, but is not jicisonous. It appears from thcHO 
several facts that digit aline causes intiection, aud iioiaons the glands 
which absorb a moderately large amount. 

-The secretion round several ghmda was touched with a 
minute dnjp of the pure fluid, and the gknds were instantly blackened ; 
the tentacles becoming inflected in a few minutes. Two leaves were 
imnierseii in a weak solution of two drops to 1 osi., or 437 grains, of 
water* Wbeii examincil after 3 hrs. 20 m,, only t’^veuty-iDne tentacles 



* Binz femnd wjveral years ago 
(as atateil in * The .Tournnl of 
Anatomy and Phys,,'" Xovember 
1«72, 19b) that quinia is an 

energetic jioiaon to low vegetable 
and animal organisms. Even one 
part added to 4000 parts of bloo<l 
arrests the movements of the iivhlte 



corpusdos, which heeorac “ rounded 
and granular.^' In the teataclcs of 
Drosera the aggregateil masses of 
protoplasm, w'htch a|rpeared killed, 
by the quinine, likewdst pTeBented a 
granular appearance* A similar 
appearance is caused by very hot 
water. 
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on one leaf wqtg closely inflcctcsl* and six on the other slightly so ; but 
all the glantls were hkekened, oi‘ veiy dark coloured, with the prcH 
toptasm in all the cells of all the tentacles much aggregated and dark 
coloured. The leaves were not quite killed, for on l>eing pUeed in a 
little solution of carbonate of ammonia (2 grs. to 1 oz.) a few mere 
tentacles became inflected^ the remainder not being acted on dmincF 
the next 24 hrs. “ 

Half-minims of a stronger solution (two drops to i oz. of w-ater) were 
placed on the discs of six leaves, and in 30 m. all those tentacles 
became inflected ^ tiio glands of whicli had actually touched the solu- 
tion^ aa show n by their bkekness ; but hardly any motor influence was 
transmitted to the outer tentacles. After 22 hrs. most of the glands on 
the discs appeared deadj but this could not have been tlie case, as, 
when bits of meat were placed on three of themj some few of the outer 
tentiUjles were inflected in 24 hrs. Hence nicotine has a great tendency 
to blacken tiie glands and to induce aggregation of the I 'rotoplasm, biit, 
except when pure, has very moderate powTr of inducing inflection, and 
still less pow-er of causing a motor influence to be transmitted from the 
discal glands to the outer ten bad es. It ia moderately poisonous. 

Atropine . — A grain w^as added to 437 grains of water, but was not 
all dissolved ; another grain was added to 437 grain? of a mi.xture of 
one part of alcohol to seven parts of water; and a third solution was 
marie by adding one part of valerianate of atropine to 437 of water. 
Kfllf-miniius of these three solutions were placed, in each case, on tlie 
discs of six leaves; but no effect whatever was prculuced, excepting 
that (he glands on the discs to wliich the valerianate was given w-ere 
slightly discoloured. The six leaves on wddeh drops of the solution of 
atropine in diluted alcohol had been left for 21 !irs. were given bits of 
meat, auil all l>ecame in 24 hrs. fairly well inflected; so that atropine 
does not excite movement, and is not poiacnoiis. I also tried in the 
same manner the alkaloid sold as dat urine, whicli is believed not to 
difler from atropine, and it |>roduced no e fleet. I'hree of the leaves on 
which drops of tills latter stflution bad been left for 24 hr.^. ;vere like- 
wise given bits of meat^ and they had in the course of 24 hrs, a good 
many of tjveir submargiual tentacles inflected. 

]■ fTfliri-nc, Coichicinef TJmne . — Solutions were made of tl'iese three 
a kaioids by adding one part to 437 of wnter. Half-minims w’erc 
pjaced, in ench case, on the discs of at least six leaves, but no inflection 
wni^ caused, exce|d perhat>s a very -flight amount by the theine. Half- 
tnimms of a strong infusion of tea like wise produced, as formerly 
staud, no effect I aho tried similar drops of an infusion of one mrt 



of the extractor colchicum, sold hj druggists, to 218 of water ; and the 
mriT observed for 48 lira., wdthout any effect being produced. 

veratrine bad been left for 2C hrs. 
were grven bits of meat, and after 21 hrs. wcie well inflected. These 
tJueo alkaloids are therefore quite innocuous. 

part of this famous poison was added to 218 of water, 
aril three leaves were immersed in ninety minims of tlie filtered solu- 
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tion. In 3 lirs, 30 tn. Eiome of the tcntjidcs wens a little inflected ; 
SIS wasi the blade of one, after 4 Ivrs, After 7 hrs, the f^lands Tvere 
woudcrrully blackened, showing that matter of some kind had been 
absorbed. In & lirs. two of the leaves had moat of their tentacles sub- 
in fleeted, but the inflection did not increase in the course of 24 hrs. One 



uf these leaves, after being immersed for 9 hr;i» in the solution, 



waci 



placed in water, and by next morning had largely re-ex j>andedj the 
other U\\\ after their immersion for 24 hr$., wer o' likewise placed in 
waXejy aud in 24 lira, w^ere considerably rc-exjwinded, though their 
glands were as bkek as ever. Half-minims ivere placed on the discs of 
aix leaves, and no inflection ensued ; but after throu tkys the glands on 
tbc discs appeared rather dry, yet to my surprise were not blackened. 
On another occasion dmps were placed on tbc discs of six leaves, and a 
consideriible amount of inflection was hoou caused ; but as I bad not 
filtered, the solution, floating particles may bave acted on the glands. 
After 24 hrs, bits of meat wxi'c placed on tbe discs of three of the^Kj 
leaves, and next day they became strongly inflected. As 1 at first 
thought that llie jKiiaon might not have been dissolved in jnire water, 
one grain w’as added t<j 437 grains of a mixture of one ^lart of alcohol to 
aeveti of water, and half-minims w'cre placed on the discs of six Jeavea. 
These iverc not at all affticted, and ivheii after a day bits of meat 
were given them, they wore slightly inflected in 5 lins., and clofieby 
after 24 lira. It follows from these several facts that a solution of 
eurarc induces a very moderate degree of inflection, and this may 
IX'rhaps be due to the presence of a minute quantity of albumen. It 
certainly is not ]>oisonouB. The protoplasm in one of the leaves, which 
hati l>eeti immersal for 24 hrs,, and which had become sliglitly in- 
flected, had undergone a ’^ cry slight amount of aggregation — not more 
than often ensues from an immersion of this length of time in water. 

Acetate of Mi>rphm,- — I tricil a great number of experiments with 
this sutetfttice, but with no certain result. A considerable number of 
leaves were immersed from between 2 hrs. and hrs. in a solution of 
one part to 2 IS of water, and did not become inflcctetl. Nor w'ere 
they jMisonedj for when they were w^ashed and placed in weak 
solutions of phosphate and ci>rbonate of ammonia, they soon became 
strongly in fleeted, wdlh the protoplasm in the cells well aggregated. 
If, howTver, whilst the leaven were immersed in the morphia, phos- 
phate of ammonia was added, lufleetioTi did not rapidly ensue. 
Minute drops of the solution iverc applied in the usual manner to the 
secretion round betwetsn thirty and forty glands; and when, after an 
interval ofG m., bits of meat, a little saliva, or |Tarticles of glass, were 
iflaccd on them, tbo movement of the tentaclea was greatly retarded. 
JhU on other occasions no such retardation occurred. Drofis of w'iiter 
similarly applied uover have any retarding pewer. Minute drops of a 
solution of sugar of the same strcngtli (one |>!irt to 218 of water) 
sometimes retarded the nubsequent action of meat and of particles of 
glaas^, and sometimes did not do ao. At one lime I felt convinced 
that morphia acted as a narcotic on l)r<‘sera, but after having found in 
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uliat a singulriT manner immersion in certain non-poisonouH saltii and 
Rcids prevents the subsequent action of phosphate of ammonia 
\vhereas other aohit ions have no ancli jHnverj my first conviction floems 
very doiibtfiih 

Extract of IlyoscynmuA, — Several leaves were placed, each in thirty 
minims of an infusion of H "m. of t!ie extract sold by dniggistti to 1 oz* 
of water. One of them, after being immersed for 5 hru» Ifj m., was 
not inflected, and was then put into a solution (1 gr. to 1 o^.) of car- 
bonate of ammonia; after 2 hrs+ 40 m. it ivas found considerablv 
inflected, and the glands much hlaekened* Four of the leaves, aftar 
being immersed for 2 hrs. 14 tiL, were placed In 120 minims of a 
soUitiou (1 gr. to 20 oz.) of phoflptiftte of ammonia ; they had already 
become slightly inliected from thc hyoscyamus, probably owing to the 
preseniw of Home ivlburnltious matter, as formerly expkined, but the 
inflection immediately iiicreasedi and after 1 hr was strongly pro- 
nounced ; 80 that hyoscyatnuB does not ac t as a narcotic or pi ji soil 

Eoison from the Eany (f a jAving Minute drops were 

placed on the glands of many tentacles; those were quickly infiected 
just as if saliva had lieen given them. iS^ext morning, after 17 lirs! 
30 m., all were beginning to re-expand, and they apj^eaml uninjureil, 

Eoisonfrom tht — Dr. Fayrer, well known from his investi- 

gations on the poison of this deadly anake* wiis bo kind as to give me 
acme in a dried state. It is an albuminous aubstnrice, and is ^lieved 
to rejdacc the ptyaline of saliva.* A minute dmp (about of a 
Tninim) of a stduticu of one yiart to 4 37 of water was applied to the 
secretion round four glands ; ao that each receiveil only ab>ut y of 
a grain {-CM^lb mg.). The o|n?rutioti was repeatcfl on four other 
glands ; and in 15 m. sevciTLl of the eiglit tentacles became well 
inflected, and all of them in 2 hrs. Next morning, after 24 hrs., they 
were still inflected, and the glands of a %^ery pale pink colour. After 
an additional 24 hrs. they Tiverc nearly re-ex pandccl, and completely bo 
on tlie succeeding day ; but most of the glands remained ahiiost 
white. 

Half-minims of the same solution were placeil on the discs of throe 
leaves, so that each reccivetl of a grain {■ 0075 mg.) ; in 4 hrs. 15 m. 
the outer tentudea w-ere much inflected ; and after 0 itrs. 30 in. 
those on two of the lejivcs w'Gre closely inflcctctl and tlie blade of one ; 
the third leaf was onl}’' niCH.lerately affected. The leaves remained ill 
ibe same state during the next day, but after 48 brs. re-expandeiL 

iliree leaves w'ere now immersed, each in tliirty ininims of the 
solution, so that each received of a grain, or 4 '048 m^f. In (i m. 

iwme inflection, which steadily increased, so that after 2 hos. 
o. m. all three haves were closely inflected ; the glands were at firnt 
someudiat darkene^.1, then rendered piale; and the protoidasm within 
the cells of the tentacles was ]Rir dally aggregated. The little masses 
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of pr^itopla&in were exnmiTicd nftcr 3 lira,, nnd again after 7 lirs,^ and 
on iii> other occ:<»ion have 1 neeii them tiiidergoiiig such rapid cliani^Tea 
of form. After S hrs» 30 m. tine glaisds had Iwcume quite ^vhite ; tlTcy 
had not seereted any great quantity of iiuicns. 'J’he leaxea were now 
]>luxd in water^ anil after hrs. rc-cxpnndeil, alunving that they were 
not much or at all injured. During their Immersion in water the 
]>TotCitjlasm within the cells of the tontaclesi was occasionally exaniinetlj 
and always found in strong movemetit* 

Two leaves were next inimejml, each in thiiiy in ini ms of a much 
stronger solution, of one part to lOH of water; m tliat each Tcceivetl 
of a gntin, or ltD2 lug. After 1 hr. 45 in. the suhniarginal tentacles 
were slroiigly iniiectcdj with the glands Bonicwhat pale; after 3 hrs, 
30 m. both leaves had all their tentadca closely iuHected and the 
glandti white. Hence the weaker solution, ns in w many other cases, 
induced more rapid inflection than the stronger one; but the glands 
were sooner rendertHl white by the latter. After an immersion of 
'24- lira, some of the tentacles were examined, ami the iiroto]>lasm, still 
of a fitie pLir|>le colour, ivas h>und aggregated into chaitts of small 
globular maK.scs^ These changed tiieir shaiies with remarkable 
quickness. After an immersion of 48 ha s. tliey were again examined, 
and tticir movements were so plain that they could tiLsily l>e seen 
under a weak fKiwer. The Icxavcs were now placed in water, and after 
lira. (f.e. 72 hrs. from their first immersion) the little masses of [iro- 
topkvsm, which had become of a dingy |>urple, tvere still in strong 
movement, changing their shapes, coalescing, and again separating. 

In 8 hrs. after tliese two leaves had been placed lu water {i.e. in 
hrs. after tlieir immersion in the solution) they began to re-esjiand, 
and by the next morning were more e-Xj landed. After an additional 

day (i.e. on the fourtli day after their immersion in the solution) they 
were largely, but not quite fully, exitamled. The tentacles were now 
cxamiinxl, and the aggregated masses v^ere almost wholly re-tliasolved ; 
the cells being filled with homogeneous puiqde fluid, with the ex- 
ception here and there of a single gloVmlar mas^ ^Ve tluis bcc how 
completely tlie pKitoplasm had cscaixid all injury from the ixiison* As 
the glands were soon rendered quite white, it occurrctl to me that 
their texture might have been modified in such a manner as to prevent 
the jxii son pissing into the cells beneath, and consequently that the 
lirotoplatim within these cells liatl not been at all affected. Accordingly 
I placed another leaf, ivhich had been immersed for 4S lirs. in the 
pjiaon and aft.er wards for 24 hrs, in water, in a little Eolution of one 
jjart of carbonate of ammonia to 218 of water; in 30 i in the protoplasm 
in the cells beneath the glands became darker, and in the camrsc of 
24 hrs. the tentacles were filled down to their bases wutli dark -coloured 
apberical masses. Hence the glands liad not h>st their paver of 
absorption, as far as the carbonate of ammonia is concerned. 

From these facts it id manifest that the j>oiaon of the cobra, though 
60 deadly to animals, is not at all poisonous to Drosera; yet it causes 
fitrong and rapid inflection of the tentacles, and soon discharges all 
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vmXowv from the "lanrU. It seeim even to act as a stimulant to the 
jjrotoi>lasai, for after considerablo exiiericDce in obscrviiiff the moTc- 
mentB of this sulietanco in Drc^ra^ I have never seen it on any other 
oceasion in m active a state, I was therefore anxious to leam hm 
this pi>iFK>n affected animal ]>rotoplasm ; and Dr» Fay ter was bo kind asi 
to make stmio ob»ervatioiis for me, ^vliich he has since published,* 
Ciliated epithelium from the mouth of a fnjg was place<l in a suluticja 
of 'Oy gramm to 4’G cubic cm. of water j others placetl at the 

same time in pure water for comparison. The movementB of the cilia 
ill the solution secincd at first increased, but soon Jan^uisheti, and 
after between 15 and 1^0 minutes ceased; whilst thofje in the water 
were still acting vigorously. Tlie white corpuscles of tlie blood of a 
frog, and the cilia on two infusorial aiiitnalsi a J*amma^eii.un and 
Volvox, were similarly affected by the iwison. Dr. Fayrer also found 
ihat the muscle of a frog lost its irritability after an iimuerGioa of 
20 n]. in the solution not then responding to a strong electrical current. 
On the other band, the movemeutfl of the cilia on the mantle of an 
Unio were not always arrested, even when left for a considerable time 
in a very strong solution. On t!ie whole, it seems that the poison of 
the cobra acts far more injuriously on the protopla.sm of the higher 
animals than on that of Drosera. 

There is one other ixdut which may be noticed. I have occasionally 
ohserv'eti that the drops of secretion round the glands were rendered 
iM.>mew]iat turbid Vty certain solutions, and more especially by some 
acids, a film lieing formed on the surfaces of the drops; but 1 never 
sa^v this ellcct |>r(.iduccd in bo conspicuous a maimer as by tlie cobra 
jxiison. When the stmuger solution was eiii]>loyed, the drops ap].Teared 
in 10 m. like littlo white roundeil clouds. After 48 hrs. the secretion 
wa.s changed into threads and sheets of a membranous substance, 
including minute granules of varions siaes, 

Cajnji/ior . — Some acraiictl camphor was leift fi>r a day in a bottle 
with distilled ivater, and then filtered. A solution thus made is said 
to contain of its weight of camphor; it siiidt and tasted of this 
substance. Ten leaves were imiiicr&ed in this solution; alter 15 m. 
five of them w'ere well inficcted, two si lowing a first trace of movement 
in 11 m, and 12 m. ; the sixth leaf did not Ijegiii to move until 15 ui. 
hatl elapsed, bnt avas fairly avell inflected in 17 rn. and quite closet! in 
24 ra. ; the seventh began to move in 17 m., and was completely shut 
in 2C m. The eighth, ninth, and tenth leaves were old and of a very 
dark red colour, aud these were not inflectetl after an immersion of 
24 hrs. ; &o that in making experiments witli cami>hor it is necessary 
to avoid such leaves* fck>me of these leaves, on being left in the 
solution for 4 hrs., became of a rather dingy punk colour, and secretedi 
much mucus; althougVi their tentacles were closely inflected, tie 
protoplasm within the cells \va^ not at all aggregated. Un another 



* ‘ PixiceeJiuga of Royal S«;iety,' Feb, 13, 1375. 
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oocnsion* howover, after a loivier imnici^itiji of 24 lirs., llicre was well- 
marked aggregation, A wolatiou made by adding two dnjps of campho- 
rated spirits to an ounce of water did not act on one leaf j whereas 
thirty minims added to an ouhcb of water acted on two leaves immersed 
together. 
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ni, ccnjjidernbk inflection^ 4 m. eiIII 
the tentacles except 3 or 4 inflected. / 
nn first sigis of inflection, 
in, 30 s. slight, inflection; 7 m. 30 a.\ 
plain inflection. f 

in, 30 s, a trace of inflection; 3 nnV 
pljiln ; 4 in, strongly marked. / 

nu 30 a. a trace of inflection; 3 in. i 
plain inflection. / 

in. 30 s, decided inflection; 3 in. 30 st.l 
stmngjy iivarkml. / 

111 , 30 s, slight inflection ; 3 in. plain ; | 
4 in. well marked. / 

in. trace of inflection ; 3 in. ccnjHider-l 
nlle, fl in, strong inflection. / 

m. trace of inflection ; 3 in, CtHlsideT-l 
able., 0 111 . strong inflection. f 
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G in. 30 8. 
G m. 30 s. 
G m. 30 5. 
5 in. 

3 in. 
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M, Vogel has f^liown* that the flowers of various platitH do not 
tvitlicr BO soon when their slcma arc placed in a flolutiim of camphor 
as when in water ; and that if already sliglitly witliered, they recover 
more quickly. The germination of certain seeds is also accelerated liy 
the solution. 8o that camphor acts as a stiiniilantj and it is the only 
knoAvn stimulant for ijknts, I wiaUed, therefore^ to ascertain whether 
camphor would renoer the leaves of Drosera more sensitive to 
mechanical irritation than they naturally are. fiix leaves were left in 
distilled water Ibr 5 m. or fl and then gently brushed twice or 
thrice, whilst s( id imdcr neater, with a soft cameJ-hair brush; but no 
movement ensued, Xine leaves^ whiclx had been immersed in tbo 
above solution of campbor for the times stated in tbc above table. 



* ‘Gardener's Chronicle,' 1874, p. G7I. KeJirly alinilnr nbservatlona were 
made in ITlJS bv lb S. liarton. 
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were next bruslictl 0!ily once with the KAme hriiwli anti in the game 
immnet as before j the result ts are p;iv'en in the table- My first triaLs 
were made by brushing the leaves ivbilst Ktill immersed in the 
solution; but it occurred to me that the viscid seerction round the 
^ihitids Would tliua bo removed, and the camphor might act more 
tftec til ally on them* In all the above trials, therefore* each leaf 
was taken out of the solution, waved for about 15 s* in water, then 
placed in fresh water and brushed, so that the brushing would not 
allow the freer access of tiie camjjlior ; but this treatment tna^lc no 
diflerence in the leauUs- 

Other leaves were lei l in the solution without being brushed; one 
of these first showed a trace of inflcsclion after 11 m. ; a stscond after 
IS! iin ; five were not inflected until 13 m. had ek]i»ed, and two not 
until a few minutes later* On the other hand* it will lie seen in the 
right-hand tolumu of the tiible that KH>t of the loaves subjected to the 
solution, and which were brushed, l>ecamc iufiected m a much shorter 
time. The movement of the tentaclCiS of some of these leaves waa jso 
rajndthat it could be plainly scuu tlirougli a veiy weak lens* 

Two or three other cxiierimeuts are worth giving. A hirge old leaf, 
after l»dng immersed for 10 m. in the ai>iution, did not ap[.icar likely 
tu be Boon inflected; bo 1 brushed it, and m i2 ni. it began to move, 
and in 3 m. wa^ ocunpictdy abut. Another leaf, after an immerEion 
of 15 m,, showed no signs of inflection* &i> wag brushed, and ia 4 rm 
was grandly iiiHected* A third lejif, after an immersion of 17 m., 
likewise allowed no signs of infieetiuu ; it was then brushed, but did 
not move for 1 hr. ; so that liere was a failure* It was again brushed, 
and now in 9 m* a few tentacles l>ecamG inflected; the failure therefore 
was not complete. 

We may &>ncliide that a small dose of camphor in Eolution is a 
]K>werful stimulant to Drosera, It not only soon excites the tentacles 
to l>end, but apinarently renders tlie glands sensiiive to a touch, which 
l>y itself does not cause any movement. Or it may be that a slight 
mechanical irritation not enough to cause any in fleet ion yet gives B^mie 
tendency to inovcment, and thus reinfoi'ces tlie action of the carnphor* 
This latter l ieiv would have apjKiflrotl to me the more probable oae, 
had it not lieeii shown by M* ^ ogel that camphor is a stimulant in 
other ways to various plants and seeds. 

Two plants Ijeaiing four or live leaves, and w ith their roots in a 
little cup of iviitcr, were exposed to the vaiwm of some bits of cnmplior 
{.alxjiK its l:irge as ft filbert nut), tinder a vcBsel holding ten flaid 
ounces. After 10 hrs* no inflection eiisuetl; but the glands appeared 
to be secreting more copiously, 'i’lie haves w^cro in a iiiirootised con- 
diii(‘n, !'or on bits of Jneat being placed on two of them, there was no 
inflection in 3 hre* 15 m., .and even after 13 hrs. 15 m* only ft few of 
thotnuer tentacles were slightly i n flee ted ; hut this degree of move- 
ment shows that the leaves hotl not been killed by au exijoaure during 
iO hi'ft, to the vftiiour of camphor. 

Oil vf CttrauNsy.— AVater is said to dissolve about a thousandth 



ClIAV. IX.] 



ESSEXTIAL OILS, ETC. 



1 

i i tt 



part of itfl wciglit of this oil, A tlrop adJed to an ounce of water 
and llic bottle occasionally feliftken during a day; hut many minute 
globules remained nti dissolved. Five leaves were immei-sod in ting 
mixture; in fnjm 4 in* to 5 m. there wag some inflection, wliick 
became moderately pronounced in two or three ailditionol minutes. 
After 14 ni. all five leaves were well, and Eonie of them closely^ 
Inflected. After fl lirs. the glands were white, and much muena had 
been secreted. The leaves were now finceid, of a peculiar dull-red 
colour, and evidently dead* One of the leaves, after an immersion of 
4 m, was brushed, like the leaves in the camphor, hut this produced 
no effect, A plant with its roots in crater was es]wsal under a 10-oz. 
vessel to the vaiKUir of this oil, and in 1 hr. 20 ni* one leaf showed a 
trace of inlicction* After o hrs. £0 m. the cover ivag tal:en off and 
the leaves examined; one had all its tentacles closely in fleeted, the 
second about IkaK in the same state; and the third all sub-in flee tcth 
The plaut was left in the o^jeu air for 42 lirs., but not a single tentacle 
expndcd ; all the glands appeared dead, except here nmi there one, 
wliich was still seereting. It is evident fhat ihi^ oil is highly exciting 
and pohonous to Drosera. 

Oil (if Cloves . — A mixture ivas made in the same nmnner as in the 
last case, and three leaves ’were immei-sed in it. After 30 m. there 
wfu? only a trace of inflection which never iucreascHk Alter 1 hr. 30 m. 
tho glands were pale, and Eifter ii hrs. ’ivhitc. doubt the Icaveji 
were much injured or killed* 

Tur^^etitine . — Small drops placed on the discs of some leaves killed 
them, as did likewise drops of creosote* A plant was left for 15 in. 
under a 1£-ok. vessel, with its inner suiface wetted with twelve drops 
of turpentine ; hut no movement of the tentacles ensued* After 24 hrs. 
the plant was dead. 

Glycerine. — Half-minirnB ’U’crc placed on the discs of three leaves; 
in 2 lirs* some of the outer tentacles were irregularly inflected ; and in 
10 hrs. the leaves were flaccid and ap]>arentlv dead; the glands whicii 
had touched tho glycerine were colourless, hlinute drops (about ^ of 
a minim) were applied to the glands of several tentacles, and in a tew 
minutes these moved and sot>n reached the centre. Simitar dro]>s of a 
mixture of four dropicd dropw to 1 oz^ of water w-ere likewise applied 
to several glands; hut only a fciv of the tentacles moved* and these 
very slowly and slightly. Half minims of this same mixture placed 
on the discs some leaves caused, to niy surprise, no inflection in the 
course of 48 hrs. Bits of meat W'oio then given them, and next day 
they were well inflected; notwithstanding that S4jme of the discal 
glands had been rendered almost colourless. Two leaves were immersed 
in the same mixture, hut only for 4 hrs. ; they w'ere not inflected, and 
on being afterwards left for 2 hrs. 30 m* in a solution (1 gr* to 1 oz.) 
of carlxmate of anmionia, their glands were blackened, their tentacles 
inflected and the protopdasm within their cells aggregated* It apjieats 
from these facts that a mixture of four drops of glycerine to an ounce 
of water ia not yioisonous^ and excites verv little inflection; but that 
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pure glycerine is poisonous, ami if applied in very minute qiian|it[^ 
to the glands of the outer tentacles causes their inflection. 

The EffecU cf in WuUr and in varioui Sdudoia on 

ihe siib$effumt AcUon of PJu)sp7iate and Cat'bonute of Ammonm.^ 
We have seen in the thiid and seventh chapters that iinniersiott'in 
distilled water causes after a time some degree of aggregation of the 
protoplasm, and a inrnlerafe amount of inflection, especially in the 
case of plants which have been kept at a rather high temperature 
Water docs not excite a cojiious secretion of mucus. Wc have here tci 
consider the effects of immersion in various fluids on the subsequent 
action of salts of ammonia and other stimulants. Four leaves which 
liad been left for 2+ hrs. in ivatcr were given bits of meat, but did not 
clasp them. Ten leaves, after a similar immersion, were left for 24 hrs, 
in a powerful solution (1 gr, to 20 oz.) of phosphate of ammonia and 
only one showed even a trace of inflection. Three of these leaves on 
licing left for an additional day iu the solution, still remained qltite 
unaffected. When, however, some of these h^ave.s, which had been 
lirst iiumersetl iu water for 24 lira., and then in the phosphate for 
24 hrs. were placed in a solution of carbonate of ammonia (one ]mt. 
to 218 of water), the protoplasm in the cells of the tentacles became 
in a few hours strongly aggregatefi, showing that this salt had been 
absorbed and taken e fleet. 

A short imraersion in water for 20 m. did not retard the subsequent 
action of the phosidiate, or of splinters of glass placed on the glanda j 
hut in tWH> instaucea an immersion for 50 m, prevented atiy effect from 
a solution of camphor. Several leaves whicii had been left for 20 iil 
iQ a solution of one prt of white sugar to 218 of water were placed in 
the phosphate eolution, the action of which was delayed; whereas a 
mixed soiution of sugar and the phosphate did notin the least interfere 
with the effects of the latter. Three leaves, after being immersed for 
20 m, in tho sugar solution, were plaoerl in a solution of carbonfitc of 
ammonia (one part to 218 of w^ater); in 2 m. or 3 m. the glands 
iivcre blackened, and after 7 m. the tentacles w-ere considerably inflected, 
GO that the sodution of sugar, thous^h It delayed the action of the 
phe^phate, did not delay that of the carbonate. Immersion in a 
similar solution of gum arabic for 20 m* had no retarding action on 
the phosphate* Ihrce leaves were left for 20 m. in a mixtiire of one 
part of alcohol to seven parts of water, and then placed in the 
ptiosphafo solutiori : in 2 hrs, 15 m, there W'as a trace of inflection in 
one leaf, and in o hrs. 30 to, a second ivas slightly affected; the 
liiflectiou subaetpicntly increased, though slowly. Hence diluted 
alcijliol, wmich, as wc shall see, is hardly at all poisonous, plainly 
retards the subsequent action of the phosphate. 

’ o In the last chapter that leaves w^hich did not become 

la^ ectra by nearly a day ’'a immersion in solutions of various salts and 
acids behaved very differently frotn one another when subsequently 
placed m the phosphate solution. I here give a table summing np 
the results. 
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Hamp of the Silin attd 
Aclila ia i^otuliuti. 


1*iGr1od of 
[mmetHlon of 
tlio Leaves 
3n SoliittonFi 
of one part Id 
4 ST of water. 


Effects rrwluwhil sm the I,.eaveR by lltelr nnlwe- 
quent liuiuci>{Dn ftrr stated perUids In a 
Ssjlution oE one part of phcMphate of 
jihjtnciiila to of Wiitcr* n^r 1 cr* lu 

1^0 m. 


Kubidium chloride 


22 htB, 


After 30 m. strong iuliectiou of the 
tcnta'clos. 


Ftitflssitjui cflrbftnate ♦ 


20 in* 


Scarcely any iuHectioii until B lirs* had 
chipsed. 


Calcium ficetcitc . 


24 hr*. 


After 24 hrs. very slight inflection. 


Calcium nitrate . 


24 hr*. 


Do, do. 


]^Iagiie5ium acetate 


£2 ill's, 

1 


Seme slight inflection, which became 
well pronounced in 24 hr*. 


JIagnesium nitTEitc . 


22 hrs. 


After 4 hrs. 30 m* a fair aTnount of 
inflection, which never incieased. 


Jlagnesium chloride . 


22 hrs. 


After a few minutes great indectioii; 
after 4 hrs. all four leaves ivith almost 
every tentacle closel'v inflected. 


Bariuin acetate 


22 hrg. 


After 24 hrs. two leaves out of four 
slightly iufieeted. 


Barhiin nitrate 


22 hrs. 


After m. one leaf greatly, and two 

others ino<ierately, inflected ; tlicy 
rematned tlius for 24 hrs. 


f^tioutiunii acetate 


22 hrs. 


After to. two leaves greatly in- 

hectf'd ; after 3 hrs. a third lea 
nuMkrate]}\ and iho fouith very 
slightly^ inflected. All four thus 
remained for 24 hrs. 


Strontium citrate* ♦ 


22 hrik 

1 

1 


After 8 hrs. three leaves out of five 
moderately iaflected; after 24 hrs, 
all five in this state; but not one 
closely inflected. 


Alutnintum chloriJe , 


1 24 hrs. 


Three leaves which had either been 
slightly or not at all aflecte<l by the 
chloride became after 7 hrs. 30 m. 
rather closely inflected. 


Alumiuiutn rtUrat& 


24 hrs* 


After 25 hrs. slight and doubtful effect. 


Lead chloride * * ■ 


23 hrs. 


i After 24 hrs. two l&iives somewhat in- 
fleeted^ the third very little; and 
thus remained. 


Manganese chloride , 


22 hi's. 


After 48 hrs. not the leaat inflection. 


Lactic acid * 


43 his. 


After 24 hrs. a trace of inflection in a 
few tentaclefiT the glands of wliidt 
had not l>een hilled hr the acid. 


Tannic add , 


24 hra. 


After 24 hrs. no inflection. 


Tartaric acid . 


24 hrs. 


Do. do. 


Citric acid 


24 his. 


After so m. tentacles decidedly inflected, 
and after 5 hrs. stiongly inflected; 
so remained for the next 24 hrs. 


Formic acid * - » 


22 hrs. 


Kot ohserved until 24 hrs, had elapsed ; 
tentacles comtiderablv inflected^ aud 
protoplasm aggregated. 
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Ill a majority of tlicBe twe:ity caaoRj a varying degree of 
inflection was b 1 a wly caused by tlie pliospbate. In four casMiR, howevc] 
the inflection was tapid, occurring in less tlinn half an hour or at moit 
in 50 m. In ilirce cases the pho&[>}]ate dkl not prwlnce the least effect. 
Now what are ive to infer from these facts ? We hnow fiioni ten trials 
that immeniion in distilleil water for 24 hrs. prevents the 
action of the phosjihate solution* It would thereforo appear as if the 
solutions of chlorido of manganese, tannic and tartaric acids, which are 
not poiBonous, acted exactly like water, for the phospliate i>n.dii.cefl no 
effect on the leaves which had been previously immersed m these three 
solutions. The majority of the other soltitions behaved to a certain 
extent like water, for tho phosphate produced, after a considerable 
interval of time, only a slight effect. On the other liand, the leaves 
which liad heen inimcrscd in the Boliitions of the chloride of nibidinm 
and magnesium, of acetate of strontium, nitrate of barium, and citric 
acid, w ere quickly acted on by the pliogjibate* Noiv, was water absorbed 
iVoin these five weak solutions, and vet, owing to the presence of tbe 
salts, did not prevent tlie eubse<]uent action of the phosphate? Or 
may we not suppose* that the interstices of the walEa of the glands 
were blocked up with the molecules of these five substances, so tliat they 
w’ere rendered impermeable to water; for had w^ater entered, know 

from tho ten trials that the ]diospl>ate would not afbcnvardg have 
prtHluced any effect? It further api^ears that the molecules of the 
carbonate of ammonia can quickly pass into glands wliich, from having 
been immersed for 20 in* in a weal; solution of sugar* either absorb the 
])hoaphate very slowly or are acted on by it very slowly* Ou the other 
hand, glands, however they may have been ti eated, seem easily to prinit 
the suliaequeiit entrance of the molecules of carbonate of ammonia. 
Thus leaves which had been immersed in a solution (of one part to 437 
of water) of nitrate of potassium for 48 hrs. — of sulphate of potassium for 
24 hrB.^ — and of the chloride of potassium for 25 hrs, — on being placed in 
a solution of one part of carbonate of ammonia to 218 of water, had their 
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* Sec Dr* M. Traube's curious ei- 
peTiments cm the production of arti- 
ficial colls, and on their permeability 
to various stilts, dcacrihed in his 
j-wiper^: Esperiraeute zur Theorie 

dor ZolhnbilduDg iiud Endosmose,” 
Breslau, 18GG; and Eiperiincnte 
snr phj'sicalischen ErkliiTuiig der 
Bddung der Ecllhaut, ihres Wachs- 
thnms dnreh Intussusceptioi]/^ BreS’ 
lau, 1874* Those researches perhaps 
explain my resnlU* Dr. Tratibe 
criinmonly employed as a membrane 
tbe precipitate fbnaei when tauniq 
add comes iuto contact with a so- 
lution of gelatine. By allowing a 



predpitatlou of Sulphnite of barium 
to take plac« at the smno time, the 
incmbratiB becomes iti filtrated 
with this salt; and in consequence 
of the intercalation of molconles of 
sulphate of barf uni among those of 
the gelatine jhrocipitate, the mole- 
cular interstices in the memhrane 
are made smaller* Jn this altered 
condition, the inembrane no longer 
allows the passage through it of 
either sulphate of ammonia or nitrate 
of barium, though it retains its [>er- 
mcahilify for water and cliloride of 
aminuDia, 
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plfimk immGdiatoly Hnckctted, and after 1 ]ir. t}icir teutaclc^ eomewhat 
indcckd* and tlio protophsm aggri^gatcd. But it would be an endless 
task to endeavour to ascertain the wonderfully diveraified effects of 
various solutions on Drosera. 

Alrohol (otic jjart to seven of water). — It has already been shown 
that half-mi niniM of this air eng th placeil on the discs of leavt?a do not 
cause any inflection; and that wlien two days afterwards the leaves 
were given bits of meat, they became strongly inflected. Ponr leaves 
were immersed in this mixture, and two of them after SO m* were 
brushed with a camel-hair brush, like leaves in a solution of camphor, 
but this pr<>iiiccd no effect. Nor did these four leaves, on being left 
lor 2-t hrs. in the diluted alcohol, imdergo any inflection. They were 
then removed ; one being placed in an infusion of raw meat, and hits 
of meat on the discs of tlie other three, wdth thdr stalks in water. 
Next day one setmctl a little injured, whilst two others showed merely a 
trace of inflection. Wo must, however, bear in mind that immersion 
for 24 lirs. in ivater prevents leaves from clasping meat. Hence alcohol 
of the above strength is not poisonous, nor does it stimulate the leaves 
like camphor does. 

U'he vapour of alcohol acts differently. A plant having three good 
leaves was left for 25 m. under a receiver holding ID ok. with sixt}' 
minims of alcohol in a watch-glass. No movement ensued, but some 
few of the glands were blackened and shrivelled, whilst many became 
quite pale. These were scattered over all the leaves in the tnc«t 
irregular manner, reminding mo of the manner in winch the glands 
’were affected by ^ the va^xmr of carbonafe of ammonia. Immediately' 
on tVio removal of the receiver particles of raw moat ’ivere placed _ on 
many of the glands, those %vh!cli retained their projicr cotonr being 
chiefly selected. But not a single tentacle was inflpcted during the 
next 4 hrs. After the first 2 hrs. the glands on all the tentacles 
began to dry; and next morning, after 22 hrs., all three leaves 
apiware<l almost dead, ’with their glands dry; the tentacles on one leaf 
alone being iiartially inflected. 

A second plant was left for only 5 m. with some alcohol in a wateh- 
glas^, under a 12-oz. receiver, and jiar tides of meat were then placed 
on the glands of several tentacles. After 10 m. some of thorn brgao tc 
curve iu’ivards, and after 55 m. nearly all were considerably inflected ; 
but a few did not move. ISonvo ana^ath ethic effect is here probable, but 
by no means certain. A third plant was also left for 5 m. under the 
tiamc email vessel, w'ith ito whole inner surface wetted with about a 
dozen drops of alcohol. Particles of meat were now placOHl on the 
glands of several teiitajclep, some of which fimt bE‘gan to move in 25 m.; 
after 40 m. most of them were somewhat inflcctol, and after 1 hr. 
10 III. almost all wore ctmsiderably inflected. From their slow' rate of 
movement there can be no doubt that the glands of theBo toriTacles 
had been rendered insensible for a time by exposure during 6 m. to the 
vaiiour of alcohol. 

\^jfOur of action of this vapour on Drosera is 
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very Vftriftblc, ilepeDding, T suppso, ou the coiiatjtvition or age of the 
or oil! some imkjiown eoBtlitiom It liometiniea can kps the tentn'icles 
to move with extraordinary rapidity, and &ometini«B produces no such, 
ellect. Tlio planda aro sometimea rendered for a time insensible to the 
action of raw meat, but Boiiietimes are not tliiis affectetl, or in a very 
slight degree. A [ilant recoveia from a small doae, but is easily killed 
by a larger one. 

A plant was left for 30 m. under a beU-glaas holding 19 fluid oz. 
(hjdO O c.c,) with eiglit drops of chloroform, and before tJie cover was 
rejiiovctl, most of the tentacles Ijecarac imtch inllectcd, though they 
did not reach the centre* After the cover w^as rcinovod, bits of meat 
were placed on the glands of several of the somewhat incurved tentacles; 
these glands were found much blackened after 6 hrs. 30 in., but no 
further movement ensued. After 24 lirs. the leaves appeared nlmofit 
dead* 

A smaller hcU-glass, bolding 12 fluid oz. (340 '8 c.c,), was now em- 
ployed , and a plant was left lor 90 s. under with only two dropa of 
chloroform. Immediately on the removal of die glass ail the tctitades 
cun'cd inwards so as to stand pcrix.'-ndiciilarly up; and &oine of them 
could actually be seen moving with extraordinary quickness by little 
starts, and therefore in an unnatural manner; but they never reached 
the centre. After 22 hrs. they fully re-espanded, and on meat 
being placed on their glands, or when rouglily touched by a needle, 
they 2jromptly became inflected; so that tliese leaves had not been in 
tJm least injured. 

Another plant w'as placed under the same small bell-glass with three 
drops of chloroform, and before two minutes iiad elapsed, the tentacles 
liegan to curl inwards with rapid little jerks* The glass wa-s then 
removed, and in the course of two or three additional minutes almost 
evpry tentacle reached the cen tre. On several other occasions the vajiour 
did not excite any movement of this kind. 

T’here seems also to be great variability in the degree and maimer 
in which chloroform tendci's the glands insen siblo to the aubscfiuent 
action of meat. In the plant last referred to, which had been exposed 
for 2 m. to three drops of chlomfonn, some fev^ tentacles curved, up 
only to a perpendicular pHjsition, and particles of meat were placed on 
their glands; this caused them in 5 m. to begin moving, but they 
moved so slowly that they did not reach the centre until 1 hr. 30 ta. 
had ela5].)ed. Another ]flant ivas similarly exjxised, tliat is, for 2 m., to 
three dro^ws of chloroform, and on particles of meat being placed on the 
glands of several tentacles, \vhich liad curved up into a perpendicular 
])oaition, one of these began to bend in 8 m., but afterw nrds moved 
very slovdy ; whilst none of the other tentacles moved for the next 
40 m. jSievertheleER, in 1 lir. 45 m. from the time when tJie bits of 
meat had been given, all the tentacles reached the centre. Jn this 
t^ase some alight anaesthetic effect apparently had been prtxluoed. On 
the following day the plant had i>erfect3y recovered. 

Another plant bearing two kiaveg was oxiiosed for 2 m* under the 
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Ifl-oz. vesael to twd drops of chlorofrffm ; it; was then taken ont and 
examined ^ ag^ain exposed for 2 m. to two dropsy taken oat, and re- 
e.KiKiswl for 3 m. to tlii-ee drops; so that altogether it was expoeed 
alternately to the air and doting 7 m* to the Yapour of seven drops of 
cliloroform. Bits of meat were m>vv placed on tliirteen glands on the 
two leaves. On cjiie of these leaves, a single tentacle first began 
moving in 40 m., and two others in 54 m. On the second leaf Bomo 
tentacles first moved in 1 hr. 11m. After 2 hrs. many tentacles, on 
both leaves were inflected ; but none had reached the centre within 
this time. In this case there could not bo the least doubt that the 
chloroform had exerted an anrcsthctic influence on tlie leaves. 

On the other hand, another plant was exp<:ised under the same 
vessel for a much longer time, viz. 20 m., to twice as mach chloroforim 
Bits of meat were tlieu placed on the glands of many tcDtacles, and all 
of them, with a single exception, readied the cenire in from id m. to 
14 m. Ill this case, little or no anaesthetic eflbct had been produced ; 
and hmv to reconcile these discordant results, 1 know not. 

Va^ur of Sulphuric J^thcr, — A plant was Cxpo&cd for 30 m. to 
thirty minims of this ether in a vessel holding 19 oz. ; and bits of 
raw meat were afterwards piaced on many glanda which had become 
pale-coloured; but none of the tentacles moved. After G lira. 30 m. 
the leaves appeared sickly, and the discal glands were almost dry. By 
the nest morning many of the tentacles were dead, as weve all those 
on which meat liad been placed ; showing tliat matter had been ab- 
sorbed from the meat which had iiicreas^ed the evil effects of tlie 
vapour. After four days the plsnt itself died. Another plant was 
ex[)Osetl ill tiie same vessel for 15 m. to forty minims^ One young, 
small, and tender leaf had all its tentacles inflected, and seemed much 
injured. Bits of raw^ meat ivere placed on several glands on tT,vo other 
and older leaves. These glands became dry after G hrs., and seemed 
injured ; the tentacles never moved, excepting one ultimately a 
little inflected* The glands of which the other teuiaelea continued to 
secrete, and appeared uninjured, but the wdiole plant after three days 
l>ecame very sickly. 

In the two foregoing experiments the doses wero evidently too lar^e 
and poisonous. With wcalrer doses, the amvflthetic effect was variable, 
as in the case of ehloroform. A plant ivas ex|X)sed for 5 in, to ten 
drops under a 12-oz, vessel, and bits of meat were then placed on many 
glands, None of tlie tentacles tJuis treated began to move in a decided 
manner until 40 in* had elapaetl; but then some of them moved, very 
quickly, so that two reached tho centre alter an additional mterval of 
only 10 m. In 2 hrs. 12 rtn from the time when the meat was given, 
all the ieutaeles. reached the centre. Anotlier ]>lsnt, wdth two leaves, 
rvas exposed in the same vessel for G m. to a I'aiher large dose of ether, 
and bits of meat were placed on several glands. In this^ease one 
tentacle on each leaf liegan to bend in G m. ; and after 12 m. two 
tentacles on one leaf, and one on the second leaf, reached the centre. 
In 30 m. after the meat had been given, all the tentactcB, lx>th those 
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witli xtnr\ T^ithout ivcrc closely in fleet ed ; so tlint tlae ether 

itpjMirently lijul etiijoulated tUesiG leu\ es, enui^ing all the tejiitadea to 
bijml. 

Iw/ioitr of Nitric Ether.— T\m vapr>iir Kccnifl ns ore injuriouB \]mn 
that of sulphssric ether. A jilant was e\]n»se4 fi>r ^ m. iu n. 12-nz, 
Yenisei to eight drops in a watoli^glassj and 1 distinctly saw a few 
tentacles Curl i Si g inwaicls Ufoie the glass was removed. Immediately 
afierwards Vnts of meat were placed on three glands^ but jso movement 
ensued in the course of 18 m. The same plant was placed again under 
the same vessel for 1C m. with ten drop's of the ether. None of the 
tesitacles moveth imd next moTning those w ith the meat were still in 
the same ixisltioin After 48 brs. one leaf seemed healthy, but the 
others were much injured^ 

Another plant, having two good leaves* was exposed for G m. under 
a 19 h:>k. ves.scl to the vi\ix>ur from ten minims of the ether, and bits of 
meat ’ivere then jdaced on the glands of many tentacles on both leaves. 
After dCi m. i?evcral of thorn on one leaf became infiected, and after 
1 Isr.^ almost all the tentacles, those with and wirhoiit meat, nearly reached 
the centre. On tiie other leaf tlic glands began to dry in 1 hr. 40 ni., 
atsd after several hours not a single tentacle was inflected; but by the 
next inorniing, after 21 brs,^ many were inflected, though they seemed 
much injured. In this and the previoua es]>erinient, it is doubtful, 
owing to the injury which the leaves had suffered, whether any 
anaeathetic effect had lieen produced. 

A third jjlaiit, having two good leaves, was cx|x>sed for only 4 m, 
in the vessel to the vaiKuir from six drops, Rits of meat were 

then pLaced on the glands of seven tentacles on the same leaf. A 
single tentacle moved after 1 hr. 23 in. ; after 2 lirs. 3 m. iseveral were 
inflected; and after d Jrr.s, M m, all the seven tentacles with meat iivere 
well inflected. From the slowmess of these movements it is dear that 
this leaf had l>een rendered iiisendble for a time to the action of the 
meat, A second leaf was rather differently affected ; bits of meat 
were placed on tlie glands of five tentaclc^i, three of which were 
slightly inflected in 28 m. ; after I hr, 21 m, one reached the ecu I re, 
but the other two were still only slightly inflectetl; after 3 hrs, they 
were much more inflected; but even after 5 brs. 10 m. all five Lad 
not reached the centre, Although some of the tentacles began to 
move mchierately Boon, they afterwards moved with extreme slm'mess. 
iiy next morning, after 20 brs., most of the tentacles on lioth leaves 
were closely inflected, but not quite regularly^ After 48 tins, neither 
leaf appeared injured, tboiigh the ten tad cs were still in fleeted; after 
72 hrs, one was ulnuoat dead, wliilst the other \Ntifl re-expanding and 
recovering. 

Carbonic Acid . — A i>knt was placed uiirTer a 122-oz. bell-glass 
filletl^w'itb this gas and standing over water; but I did not make 
sufficient allowance for the absorption of the eas iiy the water, so thiit 
towards the latter part of the experiment some air was* drawn in. 
After an expioBure of 2 hrs. the plant was removed, and bits of 
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meat i^laccd od the glfttids of tlir^se Iceivcs. One of the&e Icares hun'^ 
n little down^ and was at first partly and booh afterwaids completely 
covered by tlie water^ which rose within the vessel as the gas was 
absorbed. On tliia latter loaf tho tentacles, to which meat bad been 
given, became w'ell infiected in 2 m, 80 a,, that is, at about the normal 
rate; ao that until 1 I'emembered that the leaf bad been protcctctl 
from the gas, and might fjerliapa have absorbed oxygen from the water 
which was continually draivii inwards, I falsely concluded that the 
carbonic acid had produceni no effect. On the other two leaves, the 
tentacles witii meat behaved very differently from those on the first 
leaf ; two of them first began to move slightly in 1 hr, 50 m,, always 
reckoning from tim time wJien the moat was placed on the glands — 
wero plainly in dec ted in 2 itrs* 22 no. — and in 3 hrs.. 22 m. reached 
tho centre. Three other tentacles did not begin to move until 2 hra, 
20 m. had elapsed, but reached tlie centre at about the same time 
with the others, viz. in 3 hrs, 22 ni. 

This exineriment was reiwatcd several times wiili nearly tho same 
results, excepting that the interval l>efo-re the tentsdes began to move 
varied a little. I will give only one other case. A plant was exiiosed 
in the same vessel to the gas for 45 m., and bits of meat w'ere then 
placed on four glands, Hut the tentacles did not move for 1 hr, 40 m, ; 
after 2 hr®, 30 m. all four were w’cll inflected, and after 3 hrs, rfcfMJhcd 
the centre. 

The following singular phenomenon sometimes, but hy no means 
always, occurred. A plant w’as immersed for 2 hrs., and bifa of meat 
^vere then placed on. several glands. In the course of 18 m. all the 
snbiuarginaL tentacles on one leaf became cons^iderably inflected ; those 
with the meat not in the least degree more than the others. On a 
Kccond leaf, which w’as rather old, the teniacles with meat, as well as 
a few* others, were moderately infiected. On a third leaf all the 
tentacles were closely infiected, though meat had not been placed on 
any of the glands. This movement, I presume, may l>e attributed to 
excitement from the alisoqitiou of oxygen. The last-mentioned leaf, 
to which no meat had been given, was fully re-expanded after 24 hrs. ^ 
whereas the two other leaves had all their tentacles closely inflected 
over the bits of meat which by this time had l>een cairicd to their 
centres, ^i'hus these three leaves had perfectly recovered from the 
effects of the gas in the course of 24 hre. 

On another occasion some fine plants, after having been left for 
2 hr.q, in tlic gas, were immediately given bits of meat in the ususiL 
niaTmcT, and on their exfussure to the air most of their tentacles became 
in 12 ra. curved into a vortical or sub-vertical position, but in an ex- 
tremely irregular manner ; some only on one side of the leaf and «orne 
on the other, Tiicy remained in this ixmition for time; tho 
tentacles xvith the bits of meat not havirig at first moved more quickly 
or farther inwards than the others without meat. Hlit after 2 hrs, 
20 ra. the former began to move, and steadily went on liending until 
they reached the centre, 2^ext morning, after 22 hrs,, all the tentacles 
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on these leaves iverc doFtely clnspe^ over the ment which had been 
carried to their centres ; whilst the vortical anti sub- vertical tenraclos 
on the other leavea to which no meat had been f;lvcn had fully re_ 
oxTianded. Judging, however, from tiie Bubst^quent action of a weak 
solution of carbonate of ammonia cn one of these latter leaves, it hafi 
not i^rfectly recovered its excitability and power of movemerit m 22 
brs. ; but jinotlicr leaf, after an additional 21 Iur,, had completely re- 
covered, judging from tlie manner in which it clasi>eil a fly placed on 
its disc, 

I will give only one other experiment. After the exposure of a 
plant for li hrs. to the gas, one of its leaves was immersed in a rather 
strong solution of carbonate of ammonia, together with a fresh leaf 
from another plant. The latter had most of its tentacles strongly 
inflected witldn 30 nn ; whereas the leaf which had lieeti exjx^'d to 
tlio carbonic acid remained for 24 lirs. In the HohUion without under- 
going any inflection, with the exception of two tentacles. 'Hiig leaf 
had been almost completely pv'iraly&cd, and was not able to recover its 
sensibility whilst still in the solution, which from leaving been made 
with distillcHl water probably contained little oxygen. 



7^eH!aJ■/ra on Effects of the fore(fo{n(f Agents . — 
As the glands, whoii excited, transmit some influence to the 
BurroTinding tentacles, causing them to bend and their glands 
to pour forth an increased amount of modified secretion, I 
was anxious to ascertain whether the leaves included any 
element having the nature of nerve-tissue, which, though 
nt)t continuous, served aa tho chanTud of transmission* This 
led ree to trj^tho several alkaloids and other substances which 
aro known to exert a powerful influence on tho nervous 
system of animals. I was at first encouraged in nij trials 
by finding that strychnine, digi Inline, and nicotine, which 
all act on the norvous system* ‘were ]Kusonons to Drosera, and 
caused a certain amount of intlectioii. ITjuirocyanie acid, 
again, which is so deadly a poison to animals, caused rajiid 
movement of tho tentacles. But as several innocuous acids, 
though much diluted, such as benzene, acetic, Arc*, as well as 
eome essential oils, are extrcmelj poisonous to Drosera, and 
quickly^ cause str (.mg in flection, it seems probable that 
stnehniue, nicsotine, digitalin e, and hydrocyanic acid, excite 
inflection by acting on elements in no way analogous to 
the nerve- cel Is of animals. If elements of this latter nature 
had heen present in the leaves, it might have been expected 
that morphia, liyoacyamus, atropine* vera trine, colchicine, 
curare, and diluted alcohol w^ould have produced soino marked 
e fleet ; whereas these suhstancea aro not poisonous and have 
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jio power^ or only a very slight one, of induciDg inflection. 

It should, however, be observed that curare, cokhicino, and 
veratrine aro muRcle-poiflous— that is^ act on nerves having 
some special relation with the muscles » and, therefore, could 
not he expected to act on Drosera. The poison of the cobra 
is moat deadly to animals, by paralysing their norvo-contres* 
yet is not in the least so to Drosera, though quickly caiiBing 
strong inflection. 

Notwithstanding the foregoing facts, which ahow how 
w'idely difterent is the eifect of certain substance& on tho 
health or life of animals and of Drosera, yet there exists a 
certain degree of parallelism in the action of certain other 
substances. AVe have seen that this holds good in a striking 
manner Avith the salts of sodium and potassium. Again, 
A^arious metallic salts and acids, namely those of silver, mer- 
cury, gold, tin, arsenic, chromium, copper, and platina, most 
or all of Avhich are highly poisonous to animals, are equally 
so to Drosera. But it is a singular fact that the chloride of 
lead and tAvo salts of harium Averenot poisonous to this plant. 
It is an equally strange fact, that, though acetic and pro- 
pionic acids are highly poisonous, their ally, formic acid, is 
not fio ; and that, AA^hilst certain vegetable acids, namely 
oxalic, benzoic, Ac., are poisonous in a high degree, gallic, 
tannic, tartaric, and malic (all diluted to an equal degree) 
.are not so. Malic acid induces inflection, Avhilst the three 
other just named Acgetable acids haA'C no such power. Dut 
a pharmacopoeia would be requisite to describe the diA'crsihed 
eflbets of various aubstauces on Di osera.t 

Of the alkaloids and their salts Avhich Avero tried, scveml 
had not the least poAver of inducing inflection ; otbens, Avhich 
Avere certainly absorbed, as shoAvn by the changed colour t>f 
the glands, had but a veiy moderate ]>ower of this kind j 



* Df. Fnyrer, *Thc Thtmatupliiiia 
India,' 1ST2, p. 4. 
t Se«in_^ that ae^tic, tydrociyanic, 
nnl chromic adds, acetate of gtrych" 
nine, and vapour of ether, are poisoo- 
ous to Di'oaer-i, it is remarkable that 
Dr. Ransom Philosoph, Transact.^ 
1867, p. 480), who used much 
atronger soluticms of theae substances 
than 1 did, statca that tho rhyth- 
mic contractility of tlie yolk fof tlie 



ova of the pike) is not materially 
inf!uence4l by any o-f the p<iisons used, 
which did not act ■chemSeifllyt with 
the eiception of chloroform and car- 
thonio add.” I find it stated by 
several writers that curars has no 
influence cn. aarcode or protoplaam, 
and we have seen that, though curare 
e:^cites some degree of iuHectioi'i, it 
causes very little aggregation ot tho 
protoplasm. 
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others, again, such as the ficett^te of quinine and digitaiine, 
cansetl strong inflection. 

The seYeral eubstances mentioned in this chapter affect tho 
CO loll r of the glands veiy differently. These often become dark 
at first, and then very pale or white, as was conspicnousl}^ 
the case with glands subjected to the poison of the cobra 
and citrate of strychnine. In other cases they are from tho 
first rendered w'hite, as with leaves placed in hot water ami 
several acids ; and this, I presume, is the result of the coagu- 
lation of the albumen. On the same leaf some glands become 
white and others dart-coloured, as occurred with leaves in a 
solution of the sulphate of quinine, and in tho vapour of 
alcohol. Prolonged immorsion in nicotine, curare, and even 
water, blackens the glands ; and this, I believe, is due to the 
iiggrogiitioii of the protoplasm within their cells. Yet curare 
caused ver^’ little aggregation in the cells of the tentacles, 
whereas nicotine and sulphate of quinine induced strongly 
marked aggregation down their hases. The aggregated 
masses in leaves w’hich had been mimerscd for 3 hrs. lorn, 
in a saturated solution of sulphate of quinine exhibited inces- 
sant changes of form, hut after 24 hrs. were motionless ; the 
leaf being flaccid and apparently dead. On the other hand, 
with leaves subjected for 48 brs. to a strong soltition of the 
poison of the cobra, the protoplasmic masses w'crc uimsuallv 
active, whilst wdtli the higher animals the vibratilc cilia and 
white corpuscles of the bloo<I seem to bo quickly paralj^aed 
by this substance, 

A\ ith the salts of alkalies and earths, the nature of the base, 
and not that of the acid, determines their physiological actiou 
on Drosera, as is likewdso the case with animals ; but this 
rule hardly api>lies to the salts of quinine and stiyehnine, for 
the acetate of quiniue causes much more inflection than the 
sulphate, and l>oth are poisonous, whereas the nitrate of 
quinine is not poisonous, and induces inflection at a much 
slower rate than the acetate* ^I'he action of the citmte of 
strychnine is also somewhEit different from that of the 
sulphate. 

Leaves w'hich have been immersed for 24 Iirs. in water,, 
and for only 20 ui. in diluted alcohol, or in a weak solution 
<d sugar, arc afterwards acted on very slowly, or not at all, 
the ])hijisphato of aniTnonia, though they are quickly acted 
on by the carbonate. Immersion for 20 m. in a solution of 
guiu arabic Las no such inhibitory power. The solutions of 
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c^ertaln salts nrid acids affect the leaves, witli respect to the 
Kiitsequeiit action of the phosphate* exactly like water, ivliilet 
others allow the ]»hosphate afterwards to act qniekly and 
energetically. In this latter case, the interstices of the cell- 
walls may have been blocked up by the molecules of the 
salts first given in solntioiij so that w ater could not after- 
Avards enter* thxmgh the iiiolecules of the [ diosphatc could do 
BO* and those of the carbonate still more easily. 

The action of camphor dissolved in water is Temartable, 
for it not only soon induces inflection, but apparently renders 
the glands exti'eniely sensitive to mecliatiical irritation; for 
if they are lirushed iivith a soft brush, after being immersed 
in the solution for a short time* the tentacles begin to bend 
in aljout 2 m. It may, however, be that the brnshirtg, though 
not a snfHcicnt stimulus by itself, tends to excite movement 
merely by reinforcing the direct action of the camphor. 
The vapour of camjihor, on the other hand, serves as a 
narcotic. 

iSoine essential oils, both in solution and in vapx>ur, cause 
rapid inflection, otliers have no such power j th(,>se which I 
tried -were all poisonous, 

] diluted alcohol (one part to eeveTi of water) is not poison - 
ous, does not induce inilectioii, nor increase the sensitiveness 
of the glands to mechanical irritation. The vapour acts as a 
narcotic or anafsthetic, and long exposure to it kills the 
leaves. 

The vajmurs of chlortjfomfi, sulphuric and nitric ether* act 
in u singularly variable manner on difTerent IctiveB, and on 
the several tentacles of the same leaf. This* I suppose, is 
owing to differences in the age or constitution of the 
leaves, and to whether certain tentacles have lately hecn in 
action. That these vapours are absorbed by the glands is 
shown hy their changed colour; but as other plants not 
furnished with glands arc affected by these vapoTii'S, it is 
probable that they are like wise absorbed by the stomata of 
JJrosera. They sometimes excite extraordinarily rapid in- 
fiection* but this is not an invariable I'esult. If allowexl to act 
for even a moderately long time* they kill tbo leaves; Ayhlltit 
a small dose acting for only a sliort timo serves as a narcotic 
or anmsthetic. 1ji this case the tentacles, wliethcr or not 
they hare become intiected* are not excited to further move- 
ment by bits of meat placed on tho glands, until some 
considerublo time has elapsed. It is generally believed that 
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Avitli animalij and jilantn t]iE;s& vapours act by arreatiag 
<.^xidatiotl, 

Expoftiiro to carbotiic acid for 2 htT?!., and in one for 
only 45 m., like wise rendered tlio glands insensible for a 
tiine to the powerful Btimnbis of raw meat The leaves, 
however, recovered their full jx>wcrB, and did not seem ia 
tho least injured, on being left in the air for 24 or 48 hrs. 
^Ve have aocii in tho third chapter that the process of 
aggregation in leaves subjected for two hours to this gas and 
then iminersod in a solution of the carbonate of ammonia is 
much retarded, so that a oonsiderablo time elapses before tho 
protoplasm in the lower colls of the tentacles becomes aggre- 
gated. Ill some cases, soon after the leaivos w'cro removed 
fn>m the gas and bremght into the air, tho tentacles moved 
s^iontaneously j this being due, I presume, to tho excitement 
If 0111 tho access of oxygon. These injected tentacles, how- 
ever, could not be excited for some time afterwards to any 
further movement by their glands being stinmlated. "With 
other irritable [dants it is known* that the exclusion of 
oxygen prevents their moving, and arrests the movements of 
tho protoplasm within their cells, l>ut this arrest is a different 
phenomenon from the retardation of the process of aggre- 
gation just alluded to. Whetlier this latter fact ought to he 
attributed to the direct action of the carbonic add, or to the 
exclusion of oxygen, 1 know not. 



* Sachs, ' Traits Jtj Bot*' 1S7+, 846, 1037. 
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Ox THE Sensitiveness of the Leaves^ ano os tiie Lines of 
TrassmisstOn of t]ie SloTori IiiPFiiii:, 



OIadcL ^liT^d siijminita of the tentacles alone sensitire — Transmission of the 
motor impulse doi\Mi the pedicels of the tentacles, nnJ across the blade of 
the leaf- — Aef^regation. of the protoplasm, a rettex action — First discharge 
of the motor impulse audden — Direction of the movements of the tentacles 
— Motor impulse tiniismitted through the cellular tissuG'^Mechaiiism of 
the liiyvements — >Iature of the motor impulse — Ue-expansiou of the 
tentacles. 



AVe liave seen in tlio previous chapters timt mauy Avidely 
different stiimilantH, mechanical ami chemical, exeite the 
movement of the tentaclcp, as avoII as of the hlade of the leaf ; 
and we must now consider, iirstly, what are the points which 
are irritable or seneitive, and secondly how the motor impulse 
is transmitted from one point to another. TJie i^laiidH are 
almcfst exclusively tho seat of irritability, yet thisin-itability 
must extend for a very short distance below them ; for when 
they ’were cut off Tvith a sharp pair of scissors without being 
themselves touched, the tentacles often became inflected. 
These headless ton tael ea frequently re-oxpanded ; and ivhen 
afterwards drojis of the two most piowei'fiil known stimulants 
were placed on the cut-off' ends, no effect was produced, 
Nevertheless these headless tentacles are oapablo of sub- 
sequent inflection if excited by an impulse sent from the disc, 
I succeeded on several occasions in crushing glands between 
fine pincers, but this did not excite any movement; nor did 
raw meat and salts of ammonia, when placed on such cruslied 
glands. It is probable that they were killed so inKtantly 
that they were not able to transmit any motor impulse; for 
in six observed cases (in two of which, Iiowevcr, the gland 
was quite ]>inched off) the protoplasm wdthin the cells ot the 
tentacles did not become aggregated ; whereas in some 
adjoining tentacles, which ^vere inflected from having been 
roughly touched by the pincers, it was \voll aggregated. In 
like manner the protoplasm does not become aggregated 
when a leaf is instantly killed by being dipped into boiling 
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water. On tho otlier hand, hi several oases in which tentaclcfi 
became inflected after their glands had been cut off with 
sharp scissors, a distinct though moderate degree of aggre- 
gation supervened. 

Tlie pedicels of the teni-icles were roughly and repeatedly 
rnhUsl ; raw meat or other exciting suhstances were placed 
on them, botli on the upper surface near the hase and ehe- 
wdiere, but no distinct movement ensued. Some hits af 
meat, after being left for a considerable time on the pedicels, 
w'ere pushed upwards, so as just to touch the glands, and in 
a minute the teiitacdes began to bend. I believe that the 
blade of tho leaf is not sensitive to any stimulant* I drove 
the point of a laucct through the blades of several leaves, 
aud a needle throe or four times through nineteen leaves : in 
the fen lie r case no movement ensued ; hut about a dozen of 
the leaves w^hich were repeatedly pricked had a few^ tentacles 
irregularly inflected. As, however, their Ijacks ha{l to bo 
supported during the operation, some of the outer glands, as 
well as those on the disc, may liave been touched ; and this 
perhaps sufficed to cause the slight degiee of movement 
observed. NiUehke* sfijs that cutting and pricking the loaf 
does not excite movement. The petiole of tho leaf is Hi^uite 
insensible* 

Tho backs of the leaves bear nUTuerous minute papillae, 
w^hich do not secrete, hut have the ])ow-er of absorj^tion* 
These papillae are, I believe, rudiments of formerly existing 
tentacles together \vith their glands. Many experiments 
were made to ascertain w'hether tho backs of the loaves could 
l>e irritated in any way, thirty-seven leaves being thus tried. 
tSomo were rubbed for a long time with a blimt needle, and 
drops of milk and other exciting fluids, raw meat, cmshotl 
flies, and various sui>Btanccs, ]>laced on others. These sub- 
stanoes were apt soon to become dry, showing that no 
soeretion had boon excited. Hence I moistened them 
with saliva, sohitions of ammonia, weak hydruehloric acid, 
and frequently with the secretion from the glands of other 
leaves. I also kept some leaves, on the backs of w'hich 
exciting objects had been placed, under a damp bell-glass ; 
but with ail iny care I never saw any true iiiovemcnt. I 
Was led to make so many triala because, contrary to my 
previous experience, Nitschke statosf that, aftsr aftixiug 
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ot}jecte to the Laclcs of leavea by the aid of tbo yiscul 
accretion, he repeatcdhf the lontades (aud in one instance 
tho blade) become reflexed* Tills inoveinent^ if a true one, 
ivould l)e most anomalous ; for it implieH that the teutacles 
receive a motor impulse from an unnatural sour do, and have 
the power of ben din in a direction exactly the revoi^se of 
that which i» Imbitnal to them; this power not being of the 
least use to tho plant, as insects cannot adhere to the fsmootk 
backs of the leaves^ 

I have Btiitl that no effect was produced in the above 
cases ; but this is not strictly true, for in three instances a 
little syrup was added to the bita of raw meat on tho backs 
of leaves, in order to keep them damp for a time ; and after 
3G lira, there wsis a trace of reflexion in the tentacles of one 
leaf, and certainly in the bhidy of another. After twelve 
additional htjiins the glands began to dry, and all three leaves 
seemed much injured* Tour leaves wore then placed under 
a bell-glass, with tlicir foot-stalks in water, with drops of 
syrup on their backs, but without any meat* Two of these 
leaves, after a day, had a few tentacles roflexed. The droihs 
bad now iiioreased considerably in size, fiviin having imbibed 
moisture, so as to trickle down the backs of the tentacles and 
footstalks* On the second day, one leaf had its blade much 
reflexed ; on the third dav the tentacles of two were much 

H' 

refiexed, as well as the blades of all four to a greater or less 
degree. The upper side of one leaf, instead of being, as at first, 
slightly concave, now presented a strong convexity upwards. 
Even on the fifth day the leaves did not appear dead* Now, 
us sugar does not in the least excite Drosera, w-e may safely 
attribute tho reflexion of the blades and tentacles of the 
above leaves to exosmose from tho colls which wei'e in 
contact with tho synip, and their consequent contraction* 
^\'hen drops of syrup are phmed on the leaves of plants with 
their roots still in damp earth, no inflection ensues, for the 
rfX>ts, no doubt, pump up w ater as quickly as it is lost bi' 
exosmose. But if ent- oil' leaves are immersed in syrup, or in 
any dense finid, the tentaeles ai'e greatly, though irregularly, 
inflected, some of them assuming the shape of corkscrews ; 
and the leai'es soon l>eeome flaccid. If they are now 
immei’scd in a fluid of low" specific gravitj", the tcntaclen 
re-expand. From these facts w'e may conclude that drops of 
syrup j>laced on the backs ot‘ loaves do not act by exciting a 
motor impulse ’which is transmitted to the tentacles ; but 
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til at tliey cause reliccticn hy iTiducing exofirnoae, Br* 
^sitncliko used the sccrotieii foT Bticking insects to the biicks 
of the leaves ; and I BUpjx)se that he iifietl & larj^e quantity, 
which from hemg dense probahly caused exosiiiosei I erhaps 
he experimcTited on ciit-olT leaves, or on plants with their 
roots not supplied with enough water» 

As far, ti^erofore, as our present knowledge serves, we 
may conclude that the glands, together with the immediately 
nmlorlying cells of the tentadcsj. are the exclusive seats of 
that irritability or sensitiveness with wliich the leavt^s ^re 
endowed* The degree to which a gland is excited can he 
lueasmeil only by the number of the surrounding tentades 
which are inllected, and by the amount and rate of tliwr 
movement. Equally vigorous leaves, exposed to the same 
temperature (and this is an important condition), are excited 
in various degrees under the following oircuinstancea* A 
minTito (luantity of a weak solution produces no elfectj add 
more, or give a rather stronger solution, and the tentacles 
bend* Touch a gland once or twice, and no movement 
follows; touch it three or four times, and the tentacle 
becomes inflected, But the nature of the substance which is 
given is a very important element : if equahsi^ed jiarticlos 
uf glass (whicli acts only luechanicallj^), of gelatine^ and 
raw meat arc placed on the discs of several leaves, the 
meat causes far more rapid, energetic, and widely extended 
movement than tlio two former suhstances. The number of 
glands wliich are excited also makes a great diflbrenco in the 
result : place a bit of meat on one or two of the discal glands, 
and only a few of the immediately' surrounding short tentacles 
are inflected ; place it on several glands, and many more are 
acted on ; place it on thirty or forty', and all the tentacles, 
including the extreme marginal ones, become ch^acly' inflected. 
Wo thus see tliat the impulses proceeding from a number of 
glands strengthen one another, spread farther, and act on a 
larger number of tentacles, than the impulse Irom any single 
gland, 

TrmRmimon of ike 3Iotor Impuhe. — In every case tho impulse 
from a gland has to travel for at least a short distance to the 
basal part of the tentacle, the up2>ex part and the gland 
itself being merely carried by' the inflection of the lower 
part. The impulse is thus alway^s transmitted down nearly 
tho whole length of the pedicel. When the central glands 
are stimulated, and tho extreme inatfrinal tentacles becume 
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icflectefl, the impulse is tiansmittfitl acros 8 half the Jiameter 
of tlie disc, and >ylien the glands on one side of the disc are 
gtimnhited, the impulse is transtnitted across nearly the 
%vhole width of the disc. A gknd transmits its motor 
impulse far more easily and (tnichly down its own tentacle 
to the l>encling place than across the disc to nciglihoniinr.^ 
tentacles. Tims a minute dose of a very weak solution o 1 ' 
ammonia, if given to one of the glands of the exterior 
tentacles, causes it to bend and i-each the centre ■ whereas a 
largo drop of tho same Bolution, given to a scoru of glands 
on tho disc, will not cause through their combined inihienco 
the least indeotion of the exterior tentacles. Again, when a 
hit of meat is placed on the gland of an exterior tentacle 
I have seen movement in ten seconds, and repeatedly within a 
minute ; but a much larger bit placed on several glands on 
the disc docs not cause the exterior tentacles to bend until 
half {111 hour or even several hours have elapsed. 

The motor impulse epi-eads gradually on all sides from one 
or more excited glands, so that the tentacles which stand 
nearest are always first affected, Henoo, when the glands 
in the centre of the disc are excited, tlio extreme marginal 
tentacles are the last inflected. But tho glands on different 
jjarts of the leaf tranemit their motor power in a somewhat 
different raauner. If a bit of meat be placed on the lon^- 
hcaaled gland of a marginal tentacle, it quickly transmits 
an impulse to its own bending portion ; but never, as far as 
I have observed, to the adjoining tentacles ; for these are not 
affected until the meat has been carried to the central glands, 
which then radiate forth their conjoint impulse on all sides. 
On four occasions leaves were prepared by removing some 
days previously all the glands from the centre, ao that these 
could not be excited by tho bits of meat brought to them by 
the inflection of the marginal tentacles; and now these 
marginal tentacles re'Oxpanded after a time without any 
other tentacle being affected. ^ Other leaves were similarly 
prepared, and bits of meat were placed on the glands of two 
tentacles in the third row from the outside, and on the glands 
of two tentacles in tho fifth row. In. these four cases the 
impulse was sent in the first place laterally, that is, in the 
same concentric row^ of tentacles, and then tow'ardH tho 
centre ; but not centrifugally, or towards the exterior 
tentacles. In one of these cases only a single tentacle on 
each side of tho one with meat was affected. In tho three 
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otlicr cases, from 1ml f a ilozcn to clozeii tentacles, Ijotb 
laterally ami towards tlic oontre, were well inflected, or 
Bub inflected. I.astly, in ten other exporiments, minute hita 
of meat were placed on a single gland or on two glands m 
the centre of the disc. In order that no other glands should 
tonch the meat, through the inflection of the closely 
adjoining short tentacles, about half a dozen glands had l>eeii 
previously removed round the selected ones. On eight of 
these leaves from sixteen to twenty-fivo of the short 
j^urrounding tentacles w ere inUccted in the course of on© or 
two days; so that the motor impulse radiating from one or 
two of the difical glands is able to produce tliis much effect. 
The tentacles which had been removed are included in the 
above inimbors ; for, from standing so eloEe, they would 
certainly have l)cen affected. On the two remaining leaves, 
almost all the short tentacles on the disc were inflected. 
AVith a more jtowerfnl stimulus than meat, namely a 
little phosphate of lime moistened with saliva, I have seen 
the inflection spread still farther from a single gland thus 
treated j but even in tliis case the three or four outer rows 
of tentacles were not affected. From these experiments it 
appears that the impulse from a single gland on the disc acts 
on a greater number of tentacles than that from a gland of 
one of the exterior elongated tentacles ; and this probably 
folloTvs, at least in ]tart, from the impulse having to travel 
a very short distance down the pedicels of the central 
tentacles, so that it is able to spread to a considerable dis- 
tance all round. 

AVhilst examining these leaves, I was struck with the fact 
that in six, perhaps seven, of them the tentacles were much 
more inflected at the distal and proximal ends of the leaf (Le- 
towards the apex and base) than on either side ; and yet 
the tentacles on the sides stood as near to the gland where 
the bit of meat lay as did those at the two ends. It thus 
appeared as if the motor impulse was transmitted from the 
centre across th© disc more readily in a longitudinal than in 
a transverse direction ; and aa this ap]>eared a new and 
interesting fact in the physiology of plants, thirty -five fresh 
experiments were made to test its truth. Jlimite bits of 
meat were placed on a single ghind or on a few glands, on 
the right or left side of the discs of eighteen leaves ; other 
bits of the same size being placed on the distal or proximal 
ends of seventeen other leaves. Now’ if the motor impulse 
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wero tnuiHinittod with equal force or at fin equal rate throu^L 
the blade in all directions, a bit of meat picOced at one Bide 
or at one en<l of tho diao ought to affect equally all the 
tentacles Bituatcd at an equal distance from it; but tliis 
certainly is not tlio case* Ilefoxe giving the general results 
it may be ^ell to describe three or four rather unusual 
casesA 

ri) A minute fia^mcnt of a fiy wm placed on one side of the disc, 
and after 32 m. seven of the outer tcntacJciB near the fi-agment were 
iiiHected ; after 10 lirs, several more became so, and after 23 n 
still greater number; and now ths blade of the leaf on thh side was 
bent inwfirds ao as to stand up at right angles to the other side. 
Neither the blade of the leaf nor a single tentacle on the opixjsite side 
was affected ; the line of separation between the two halves esitending 
from the footstalk to the apex. The leaf remaiueil in this state for 
three days, and on the fourth day began to re-exiiand; uot a singb 
tentacle having been infiectal on the opposite side. 

(2) I will here give a case not inemded in the alx>ve thirty-five 
experiments. A small fly was found adhering by its feet to the left 
side of the disc* The tentacles on this side soon do&cd in and killed 
the fiy: and owing probably to ite struggle wliilst alive, the leaf was 
so much excited that in about 24 bra. all the tentacles ou the upposito 
side became inflected ; but as they found no prey, for their glimds did 
not reacli the fly, they rfr^xpanded hi the couraa of IG hrs. ; tlie 
tentacles on the left side remaining clasped for several days. 

(3) A bit of meat, rather larger than thoae commonly used, wajii 
placM in a medial line at the basal end of the disc, near the footstalk ; 
after 2 hrs* 30 m. some ueighbouring tentacles were inflected ; after 0 
hrs* the tentacles on lx)th sides of the footstalk, and some way up both 
sides, were moderately inficoted; after 8 hrs. the tciitadca at the 
further or distal end were more inflected than those on either side ; 
after 23 hrs. tiie meat was well clasped bj'^ nil the tentacles, excepting 

the exterior ones on the two sides. 

(4) Another bit of meat was placed at the opixugite or distal end of 
another leaf, with exactly the same relative lesults. 

(d) a minute bit of meat was placed on one side of the disc ; next 
day the neighbouring short tentacles were inflected, as w^ell as in a 
slight degree three or four on the opixksite side near the footstalk. On 
the second day these latter tentacles Bhowed signs of re^expanding, 
so I added a fresh bit of meat at nearly the same spot, and after 
two days some of the abort tentacles on the oppoaite side of thcdiac 
were inflected. As soon as tbese began to rc-expand, I added another 
bit of meat, and next day all the tentacles on the opposite side 
of the disc were inflected towards the meat j whereas we have seen 
that those ou the same side wore affected by the first bit of meat which 
was given. 
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Now for tliQ general results. Of the eighteen leaves on 
vv^liicli bitfi of meat wore placed on tho right or left sidea of 
the disc* eight bad a vafit number of tentacleB inflected on 
the Hanie side, and in four of them the hlade itself on this 
eide was likewise inflected ; whereas not a^ single tentacle 
nor the hlade Tvas aflbeted on the opposite side- These 
leaves presented a very curious appearance, as if only the 
inflected aide was active, and the other paralysed. In the 
remaining ten cases, a few tentacles became inflected beyond 
the medial line, on the side opposite to that where the meat 
lay; but, in some of those cases, only at the proximal or 
distal ends of the leaves. The inflection on the opposite side 
ahvays occurred considerably after that on the same side, 
and in. one instance not until the fourth day* Wo have 
also seen with No, 5 that bits of meat had to ho added thrice 
before all the short tentaclea on the opposite side of the disc 
wore inflected* 

The result was widely differ ont when hits of meat were 
placed in a medial lino at the distal or proximal ends of the 
disc* In three of the seventeen experiments thus made, 
owing cither to the state of the leaf or to the smallness of the 
hit of meat, only tho immediately adjoining tentacles were 
aftected ; but in tho other fourteen cases the tentacles at the 
opposite end of the leaf were mfleoted, though these were as 
distant from w^here tho meat lay as were those on one side of 
tho disc from tho meat on the opposite side. In some of tho 
present cases the tentacles on the sides wore not at all affected, 
or in a less degree, or after a longer interval of time, than 
those at the opposite end. One set of experiments is worth 
giving in fuller detail. Cubes of meat, not quite so small as 
those usually employed, were placed on one side of the discs 
of four leaves, and cubes of the same si^e at the proximal or 
distal end of four other leaves* Now, w'hen these two sets 
of leaves w'ere compared after an interval of 24 hre., they 
presented a striking diflbrence* Those having the cubes on 
one side were very slightly affected on the opposite side ; 
w^hereas those with the cubes at either end imd almost eveiy 
tentacle at the opposite end, even the marginal ones, closely 
inflected. After 43 hrs, the contrast in the state of the two 
sets was still great; yet those with the meat on one side now- 
had their discal and submarglnal tentacles on the opposite 
side somewhat inflected, this being due to the large of 
the cubes. Tinaily wo may conclude from these thirty-fl'*® 
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«xpC5rimonts, not fo mention the six or seven previous ones 
thrtt the motor impulse in trsinsinitted from any singlo Hand 
or fimall group of glands througli the Mad© to the Sther ten- 
tacles tnoro re^lily and effcotnally In a longitudinal than in 
a tranflvorso dunction. 

As long as the glands remain cxoited, and this may last 
for many days, even for eleven, as Tvlion in contact with 
phosphate of lime, they continue to transmit a motor impulse 
to the iKiflal and bending parts of their own pedicels, for other- 
wise they would re -expand* The great difference in the 
length of time during which tentacles remain inflected over 
inorganic ohjecte, and over objects of the same size containing 
solnhle nitrogonous matter, proves th© same fact But the 
intensity of th© impulse transmitted from an excited gland, 
which has begun to pour forth its acid secretion and is at th© 
sam© time absorbing, seems to bo small compared with 
that which it transmits when first excited. Thus, when 
moderately large bits of meat were placed on on© side of the 
d isc, and the discal and submarginal tentacles on the opposite 
sido Iiecam© inflected, so that their glands at last touched the 
meat and absorbed matter from it, they did not transmit any 
motor influence to the exterior ro’ws of tentacles on the same 
side, for these never became inflected. If, however, meat 
had been placed on th© glands of these sam© tentacles l:»eforo 
they had begun to secret© copiously and to absorb, they un- 
doubtedly would have afieetod the exterior rows. Neverthe- 
less, when I gave some phosphate of lime, which is a most 
powerful fitinmlant, to several submarginal tentacles already 
considerably inflected, but not yet in contact with some 
phosphate previously placed on two ghands in the centre 
of th© disc, the exterior tentacles on the same side were 
acted on, 

AVhen a gland is first excited, the motor impulse is dis- 
charged ’within a few seconds, as wo know from the bending 
of the tentacle ; and it appears to be discharged at first with 
much greater force than afterwards. Thus, in the case abov© 
given of a small fly naturally caught by a fe’w glands on one 
side of a leaf, an impulse was slowly transmitted from thorn 
across the whole breadth of the leaf, causing th© opposite 
tentacles to b© temporarily inflected, but the glands which 
remained in cou’fcact with the insect, though they contiuuod 
for seveml days to send an impulse down their own pedicels 
to the bending place, did not prevent tli© tentacles on th© 
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oiipofiito side from quickly re-expandmg ; ao tliat tke motor 
dmcharge must at first have heon more powerful than 

*^*Wh«i an object of any kind is placed on the diac, and the 
suiTOUiiding tentacles aro infiocted, their glanda secrete inoio 
ponionslv and tlie Hecrction becomes acid^ bo that some in- 
sTnt to them from the discal glands. This change 
iu the nature and amount of the secretion cannot depend on 
the bending of the teutsicles, aa the glands of the short central 
tentacles secrete add when an object is placed on them, 
though they do not xhom selves bcnd» Therefore I inferred 
tliat the glanda of the disc sent some influence np the sur- 
rounding tentacles to their glands, and that these inflected 
back a motor impulse to their basal parts; but this view 
Avas soon proved erroneous* It was found by many trials 
that tentacles with their glands closely cut off by sharp 
scissors often l:ecomo inflected and again rc-expand, still 
appearing healthy* One which was observed coiitimied 
healtliy for ten days after the operation. I therefore cut the 
glands off twenty- fivo tentacles, at different times and on 
different leaves, and seventeen of these soon became inflected, 
and afterwards re-expanded. Tho re-oxpanslon commenced 
m alxuit 3 hrs, or 9 hrs.^ and was completed in from 22 his* 
to 30 hrs* from tho time of inflection* After an interval of 
a day or two, raw meat with saliva w^aa placed on the discs 
of these seventeeu leaves, and when observed next day, seven 
of the headless tentacles were inflected over the meat asr 
closely as the uninjured ones On the same leaves; and an 
eighth headless tentacle became itkflected after three addi- 
tional days. The meat was removed from ono of these leave&, 
and the surface washed with a little stream of water, and 
after three days the headless tentacle ixs-eipanded for the 
itecorid time. These tentacle b without glands w’orc, however, 
in a different state from those provided with glands and which 
had absorbed matter from the meat, for the protoplasm within 
the cells of the former had undergone far less aggregatioii* 
From these expeidments with hcadlesB tentacles it is certain 
that the glands do not, bo far as the motor impulse is concerned] 
act in a reflex manner like tho nerve -ganglia of animals* 

But there is another action, namely that of aggregatiou, 
which in certain cases may be called reflex, and it is the only 
known instance in the vegetable kingdom* We should 
in mind that the process does not depend on thei previous- 
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bending of the tentacles, as we clearly see ‘when leaves axe 
mimorsctl m certain strong Kolntions* Nor does it depend on 
increased secretion from the glands, and this is sho^m by 
SGvorjd facts, more especially by the papilhn, which do not 
secrete, yet imdergoing aggregation, if given carbonate of am- 
monia or an infusion of raw meat. When a gland is directly 
stimulated in any way, as by the pressure of a mlnuto pai 
ticl© of glass, the protoplasm within the cells of the gland 
fii-st becomes aggregated, then that in the colls immediately 
beneath tho gland, and so lower and lower down the tentaedes 
to their bases;— that is, if the stimulus has been snfBcient 
and not injurious. N^ow, when the glands of the disc are 
excLto<l, the exterior tentacles are affected inexactly the same 
manner* the aggregation always commences in their glands, 
though these have not been directly excited, but have only 
received some influence from the disc, as shown by their 
increased acid secretion. The protoplasm within tho cells 
immediately beneath the glands are next affected, and so 
do^ wards from cell to cell to the bases of the tentacles. 
This process apparently deserves to be called a reflex action, 
in the same manner as when a sensory nerve is instated, and 
carries an impression to a ganglion which sends back some 
influence to a muscle or gland, causing movement or increased 
secretion ; but the action in tho tivo cases is probably of a 
widely different nature. After the protoplasm in a tentacle 
has been aggregated, its rcdissolution always begins in the 
lower part, and slowdy travels up the pedicel to the gland, so 
that the protoplasm last aggregated is first redissolved. 
This probably depends merely on the protoplasm being less 
and loss aggregated, lower and lower dowm in the tentacles, 
aa can be seen plainly when the excitement has been slight. 
As soon, therefore, as the aggregating action altogether 
ceases, redissolntion natumlly commences in the less strongly 
aggregated matter in the lowest part of the tentacle, and is 
there first completed. 

BirectloTi of ihe Inflected Tentachs, — ^When a particle of 
any kind is placed on the gland of one of the outer tentacles, 
this invariably moves towards the centre of the leaf; and so 
it is Tvith all the tentacles of a leaf imniCTSod in any exciting 
fluid. The glands of the exterior tentacles then form a ring 
round the middle part of the disc, as shown in a previous 
figure (fig* 4, p. i);. The short tentacles within this ring 
fit ill retain their veitical position, as they like^vise do when 
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a largo oljject h placed on their gUnds, or when an insect U 
caught, by them. In this latter case wo can see that the 
inflection of the short central tentacles would he useless^ as 
their glands are already in contact "with their prey, 

Tho result is very difierent when a single gland on one 
Bide of the disc is excited, or a few in a group. These send 
an impulse to the surrounding tentacles, which do not now 
hend towards the centre of tho loaf, but to the ixsint of ex- 
citement. We owe this capi- 

f tal observation to Xitechke,* 

and since reading his paper a 
fe\v years ago, I nave repeat- 
edly verified it. If a mlmito 
hit of meat he placed by the 
aid of a needle on a single 
gland, or on three or four 
together, halfway betweeu 
the centre and the eircum- 
feronce of the disc, the di- 
rected movement of the sur- 
rounding tentacles is well 
e xhibi te d , An accurate draw- 
ing of a loaf with meat in 
this pofiltion ia here repro- 
ducocl (fig, 10), and we see 
the tentaclea, including some 
of tho exterior ones, ac^- 
jp rately directed to tho point 

' j.,. , where the moat lay. hut a 

particlo gf the rhoq.hate 

ihfi dine. Qp liino moistened with saliva 



on a single gland on oiie^ side 
of the disc of a largo leaf, and another particle on a Riiigle 
gland on the opposite side. In four such trials the excitement 
was not sufficient to aficct tho outer tentacles, hut all those 
near the two points were directed to them, so tliat two wheels 
wuro formed on the disc of the same leaf; the pedicels of 
the tentacles forming the spokes, and the glanda united in 
a mass over the phosphate representing the axles- The 
precision with which each tentacle pointed to the particle 
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was womlcrful ; so that in some cases I could detect no 
deviation from perfect accuracy. Thus, although the short 
tentacles in tlie middle of the disc do not Lend %vheu their 
glandw are excited 5u a direct manner, yet if tliey receive 
a motor impulse from a point on one aide, they direct them- 
selves to the point equally well with the tentacles on the 
borders of the disc. 

In these experiments, some of the short tentacles on the 
disc, which w^ould have been directed to the centre, had. the 
leaf been immersed in an exciting fluid* were now inflected in 
an exactly opposite direction, viz. towards the circumference. 
These tentacles, therefore, had deviated as much us 180^ 
from the direction which they would have aesiimed if their 
own glands bad been stimulated, and which may he 
considered as the normal one. Between this, the greatest 
possible and uo deviation from the normal direction, every 
degree could be observed in the tentacles on these sevoraL 
leaves. Notwithstanding the precision with which the ten- 
tacles generally were directed, tliosc near the CLroumfercnco 
of one leaf w^cre not accurately directed towards some phoa- 
pthate of lime at a rather distant point on the opposite side of 
the disc. It appeared as if the motor impulso in iiasaing 
transversely across nearly the w'hoie width of the disc had 
departed somewhat from a true course. This accords with 
w*hat we have already seen of the impulse traycdling less 
readily in a transverse than in a longitudinal direction. In 
some other cases, the exterior tentacles did not seem capable 
of finch acenrato movement as the shorter and more central 
ones. 

Nothing could be more striking than the appearance 
of the above four leaves, each w'ith their tentacles jiointing 
truly to the two little masses of the phosphate on their discs. 
We might imagine that we were looking at a lowly orgatiiecd 
animal seizing prey wdth its arjns. In the case of Drosera 
the explanation of this accurate power of movement, no 
doubt, lies in the motor impulse radiating in all directions, 
and whichever side of a tentacle it first strikes, that side 
contracts, and the tentacle consequently bends towards the 
jxiint of excitement. The pedicels of the tentacles are 
tlattcued, or elliptic in section. Near the bases of the short 
central tentacles, the flattened or broad face is formed ot 
about five longitudinal rows of colls ; in the outer tentacles 
of the disc, it consists of about six or seven rows; and in 
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the extTome marglriEil tentacles of aLovc a doKon rows. Ah 
the flattenod bases are tluis formed of only a fe^v rows of 
cells, the precision of the movements of the tentacles h the 
mOTo rsinftrlvable i for w'hen the motor impulse strikoH the 
base of a tentacle in a very oblique direction relatively tu 
its broad face, scarcely more than one or two cells towards 
one end can bo affected at first, and tho contraction of those 
cells must draw tho whole tentacle into the proper direction. 
It is, perhaps, owing to the exterior pedicels being much 
flattened that they do not bend qnito so accurately to the point 
of excitement as the more central ones. The properly directed 
movement of the tentacles is not an unique ease in the 
vegetable kingdom, for tho tendrils of many pianta curve 
tow’ards tho side which is touclied j but the ease of Urosem 
ia far more interesting, as here tho tentacles are not 
directly excited, but receive an impnlse from a distant point ; 
nevertheless, they bend accnratcly towards this point. 

On the NaUtre of the Tissues through tehich the Motor Inipui^u* 
is Transmitted.^lt will bo necessary first to describe briefly 
the conree of the main fibro- vascular bundles. These are 
shown in tho accompanying sketch (fig, 11) of a leaf 
Little vessels from the neighbouring bundles enter all the 
many tentacles with which the Kurface is studded ; hut these 
ai’Q not here Tepresented. Tho contral trunk, which runs np 
the footstalk, bifurcates near tho centre of the leaf, each 
branch bifurcating again and again according to the size of 
tho leaf. This central tnink sends oiF, low dovm on each 
side, a delicate branch, w'hich may ho called the Kublateral 
branch. Inhere is also, on each sido, a main lateral branch or 
bundle, which bifurcates in the same manner as tlie others, 
bifurcation does not imply that any single vessel divides, 
but that a bnndl© divides into two. By looking to either 
side of the leaf, it will be seen that a branch from tho great 
central bifurcation inosculates with a branch from the lateml 
bundle, and that tlier© is a smaller inosculation between the 



* [III A letter (18G2) tn Sir Jneepii 
Hooktr, in the 'Life nnd Letters ^if 
Chnides Darwin,^ toI. iii. p+ 3S1, the 
writer speaks of the existence in 
l>roacr a of “ d i [fused nerrou a m att er,” 
in some degree analeguua in const] tii'. 
tion and function to the nerrons 
matter of nniranU, Now, that 



through the reAsarches of Gardiuer 
(' PhiU Trans,* 138J) sind others 
tile connectiou between plant -cells by 
inter-cellular pi'ctoplasm has hecu 
established, we cati tinderstand tipe 
tranamission of the motor inp pulse ai 
a rtnolecular chaOjje in the protoplasm 
from cell to cell. — h’. D.] 
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two chief branches of the lateral kindle. The conrse of the 
vessels is very complex at the larger inosculation j and lioie 
vessels, retaining the eauie diameter, are often formed by the 
iinion of the bluntly pointed ends of two vessels, but whether 
these pointsS open into each other by their attached surfaces, 
I do not know. By means of the tucj in osculation a all the 
veesels on the same side of the leaf are brought into some sort 
of eonneetion. Kear the circumference of the larger leaves 
the bifurcating branches also eotne into close union, and then 
separate again, forming a continuous ssigxiig line of vessels 
round tho whole cireu infer- 
ence. But tho union of the 
vessels in this zigzag line 
seems to be mizch less inti- 
mate than at the main in- 
OHCulatioin It should be 
added that the course of tho 
vessels differs somewhat in 
different leaves, and even on 
cjpposite sides of the same 
leaf, but tho main inoscula- 
tion is always prOHOnt- 

Kqw" in my first experi- 
ments w'itli bits of jneat 
placed on one sideof the disc, 
it so happened that not a 
single tentacle w^as inflected 
on tho opposite side; and 
\s"hen I saw that the vessels 
on the same side were all 
connected togothcr by the 
two inosculations, 'whilst not 
a 'vessel passed over to tho 
opposite side, it seemed pro- 
bable that the motor impulse was conducted exclusively 
along them. 

In order to test this vie'w, 1 divided transversely with tho 
point of a lancet the central trunks of four leaves, just 
beneath tho main bifurcation ; and two days afterwards 
placed rather large bits of raw meat (a moat powerful 
stimulant) near tho centre of the discs above the incision 
that is, a little towards tho apex — ’^vith the following 
results : — 
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(1) Tliifl loaf proved rutlier toTlwd l after i brs. 40 m. (in all caaes 
re<.^onitig from the time when the meat was given) the tentacles at 
the distal end were a little InfleGted, but nowhere else ^ they remained 
so for three days, and re-esjwLnded on the fourth day. The leaf was 
then disacctetlj and the trunk, as well as the two sublateral branches, 
were found divided. 

(2) After 4 hrs. 30 m. many of the tentacles at the distal end ^vere 
well in flee tell. Next day the blaile and all the tentacles at this end 
were strongly inflected, and were se^jarated by a distinct transverse Iba 
from the ba^l h^f of the leaf, whicti was not in the least aflbciod. On 
the third day, however, some of the short teti^lea on the disc near 
the Iiaae were very slightly inflected. The incision was found on 
dissection to extend across the leaf os in the last case. 

(3) After 4 hrs. 30 m. stnjiig inflection of the teutadea at the distal 
end, which during the next two days never esteuded in the least to 
the basal end. The incision as Ijefore. 

(4) This leaf was not observed until 15 bre. bad elapsed, and then 
all the tentacles, except the extreme marginal ones, were found 
equally well inflected all round tlie leaf. On careful exaTniiiatloTi the 
spiral vessels of the centr;il trimk were certainly divided; but the 
incision on one side had not jjasseJ through the fibroua tissue 
flurrounding these vcsacls, tliough it had passed thiough the tissue on 
tho other sido.* 

The appearanco presented by the leaves (2) and (3) was 
very curious, and might be aptly compared with that of a 
man with his backbone broken and lower extremities 
paralysed. Excepting that the line betwooo tho two halves 
was hero transveree instead of longitudinal, these leaves were 
in tho same state as eoincj of those in the former experiments, 
with bits of meat placed on one side of the disc. The case of 
leaf (4) proves that the spiral vessels of the central trunk 
may be divided, and yet the motor impulse bo transmitted 
from the distal to the Ijtvsal end j and this led me at first to 
suppose that tho motor force was sent through the closely 
surrounding fibrous tissue ; and that if one half of this 
tissue was left undivided, it sufficed for complete transmission. 
But opposed to this conclusion is tlio fact that no vessels pasa 
directly from one aide of tho leaf to tho other, and yet, aa we 
have seen, if sl rather large bit of meat is placed on one side, 
the motor impulse is sent, though sWly and imperfectly, in 



* ^1, Ziegler raiuie aimilar ei- reodus,’ IS 74, p. 1417), hat arrived 

pertments by cutting tho s|hthI ves-* at euuclusions widely Jifferfiut fruin 

iseh of liixiscra itiicnnedia (‘ mine. 
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a trail 5 verse direction across the whole breadth of tho leaf. 
Nor can this latter fact bo acoomitecl for by siipposm^ that 
the transmission is aflfected through tho two inosculationsj or 
through the circumferential zigzag lino of union, for had this 
been the case» the oxterior tentacles on the opposite side of 
the disc would have been atfeoted before the more central 
ones, which never occurred* "SVe have also seen that tho 
extreme marginal tentacles appear to have no power to 
transmit an impulse to tho adjoining tentacles ; yet the little 
bundle of vessels w hich enters each marginal tentacle sends 
ofl' a minute branch to those on both sides^ and this I have 
not observed in any other tentacles; so that tho marginal 
ones are more closely connected together by spiral vessela- 
than are the others, and yet havo much less power of com- 
municating a motor impulse to one another* 

But besides these several facts and arguments we havo 
conclusive evidence that tho motor impulao is not sent, at 
least exclusively, through the spiral vessels, or through the 
tissue immediately surrounding them* We know that if a 
Lit of moat is placed on a gland (tho immediately adjoining 
ones having been removed) on any part of the disc, aU the 
short surrounding tentacles bend almost simultaneously with 
great precision towards it. Now there are tentacles on the 
disc, for instance near tho extremities of the snblateral 
bundles (fig. 11), ivhich are supplied >vith vessels that do not 
come into contact Tvith the branches that enter the but- 
rounding tentacles, except by a very long and extremely 
circuitous course. Nevertheless, if a hit of meat is placed on 
tho gland of a tentacle of this kind, all the surrounding ones 
arc inflected toTvards it with great precision. It is, of courser 
possible that an impuLso might be sent through a long and 
circuitous course, but it is obviously impoBsiblo that the 
direction of the movement could bo thus communicated, so' 
that all the surrounding tentacles should bend precisely to 
the point of excitement. The impulse no doubt is trans- 
mitted in straight radiating lines from the excited gland to 
the Burroundiug tentacles; it cannot, therefore, bo sent along 
the fihro- vascular buudles. The effect of cutting the central 
vessels, in tho above cases, in preventing the transmission of 
the motor impulse from the distal to the basal end of a leaf* 
may be attributed to a considerable space of the cellular 
tissue having been divided* We shall hereafter see* when 
wo treat of Dioneea, that this same conclusion, namely that 
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tLe motor im pulse is not transmitted "by the Dbro- vascular 
bundles^ is plainly confirmed; and Pi-ofetisor Colm has come 
tio tliG sanio coriclnsion with rospeot to AldrovanJa both 

members of the Droseraceio.* 

As the motor impulse is not trauemitted alon^ tlie veseolfi, 
there remain a for its paesiige only the cellular tisauo ; and 
the structure of this tissue explains to a ceitaiii extent how 
it travelB so qiiiokly ilovvTi the long exterior tentacles, and 
nnjoli more slowly aoross the blatlo of tlio leaf, AVe shall 
also see why it cioaacs the blade more quickly in a longi- 
tudinal than in a transverse direction ; though with time it 
can pass in any direction. We kno\v that the same stinmlus 
causes movement of the tentacles and aggregation of the 
protoplasm, and that both influences oiiginate in and proceed 
from the ghinds within the same brief tpaee of limo. It 
^eeiris therefore probable that the motor impulse consists of 
the first commencement of a molecnlar change in the pro- 
toplasm, which, when well dcvelope?d, is plainly visible, and 
has been designated aggregation ; but to this subject I shall 
re turn, We further know that in the transmission of tl^e 
aggregating process the chief delay is caused by the passage 
of the transverse coll- walls; for as the aggregation travLls 
down the tentacles, the contents of each successive cell seem 
almost to flash into a cloudy mass. We may therelore infer 
that the motor impulse is in like manner delayed chiefly by 
passing through the cell-’iv'alls. 



* [Batalin {‘Flora?^ 1877) espeii- 
inented ou the traiismisetoa of lh« 
matar And fionliTnia the ob- 

servations of Ziegler Comptes ten- 
dus/ 1874), from ishich that natu- 
ralist concluded that the vascular 
bundles fomi th« path for the traus* 
missjeu of the impulse. Batalin 
^DucLudes that jmpniae travels vrith 
far greater ease along the vessels than 
across tha jmreiichyma, atid that the 
coiir«& of the stimulus is normally 
almost ejiclusively along the vessels. 

If ive believe that the niotor im- 
pulse travels ft moleCTilar change 
in the protoplasm, we cannot Bup^Kise 
that it travels in the trachelds. JSo-w 
Oliver Annals of Botany,^ Feb, 
13S8) has suggested that in the case 



of Ifasdemllta the impulse 

travels in a sheath of thin ivallwl 
parenchyma accompany in g the lyletn. 
if we mabe a aimihr assumption for 
Dros^ra, we should get rid of a diffi- 
culty, for whether the impulio 
travels in the ooui'se of the vascular 
bundles or transversely across the 
leaf, it w'Dulil in either ansa be 
travelling in pareiichymatous tissue; 
the only dideTi!nc:o between the two 
cases being that the parenchyma 
accompany iag the vessels would' ^ 
spL^Lially^ adiipted for rapid transmis- 
sion in a definite dii'cctioa, whereas 

the ordinary jiarenchynm haa^ 
transmit the impulse in a ^variety 

of directions.^ — F. !>.] 
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Tlie gi eatuT cLlenty ^vit.ll wliich the impulse is trausniitteJ 
down the long exterior tenUclea than across the disc may Ije 
lyrgely attributed to its being closely confined within the 
narrow pedicxjl, iiiatcad of radiating forth on all aides as on 
tiio disc. Hut besides thia confinement, the exterior cells of 
tlie tentacles are fully twice as long as those of the disc j so 
that only half the number of transverse partitions have to 
be traversc^d in a given length of a tentacle, compared with 
an equal space on the disc ; and there would be in tlio same 
propoitioii less retardation of the ini pulse. Moreover, in 
sections of the exterior tentacles given by Dr. 'Waiming,* 
the parenchymatous cells arc shown to l>c still more elon- 
gated ; and these would form the moat direct line of com- 
munication from the gland to the bending place of the 
tentacle. If the impulse travels down the exterior cells, it 
“would have to cross from between t^veuty to thirty trans- 
verse partitions^ but rather few'er if down the inner paren- 
chymatous tissue. In either case it is remarkable that the 
impulse is able to pass through so many partitions down 
nearly the whole length of the pedicel, and to aot on the 
l>Luding place, in ten seconds. Why the impulse, after 
having passed so quickly down one of the extreme marginal 
tentacles (about of an inch in length), should never, as 
far as I have seen, affect the adjoiiiiug tentacles, 1 do not 
understand. It may be in part accounted for by much 
energy being expended in the rapidity of the transmission. 

Most of tho cells of the disc, both the fiU])erfieial ones and 
the larger cells which form the five or six underlying layers, 
are about four times as long as broad. They arts arranged 
almost lengitudiually, radiating from the fcjotstalk. The 
motor impnlse, therefore, when transmitted across the disc, has 
to cross nearly four times as many cell- walls as when txana- 
mitted in a lojigitudinal direction, and would consequently be 
much delayed in tho former ease. The cells of the disc 
converge towards the bases of tho tent-acles, and are thus 
fitted to convey tho motor impulse to them from all sides. 
On the wliole, the arrangement aud shape of the ceils, both 
those of tho disc and tentacles, throw much light on the rat© 
and manner of diffusion of the motor iinpxilsc, lint why tho 
impulse proceeding from the glands of the exterior rows of 

* ‘ McdJijkUer de la. Soc. nat, da CopenhA^ue,' 

Nos. 10- rj, Isi7l2j, w^KKicuts iv. and v. 
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tentacle g tends to travel laterally and towards tlie centre of 
the leaf, but not centri filially, is by no means clear. 

]\T(^^hanisj}i vj* Afoi’cmiinto, ami of the J^Tolop 

Whatever may be the means of movement^ tlio 
exterior tentacles, considering^ their delicacy, are inllecteii 
with much foTCG, A bristle, held so that a length of 1 inch 
projected from a handle, yielded wlien I tried to lift Tvith it 
an inflected tentacle, which was somewdiat tb inner than the 
bristle. The amount or extent, also, of the movement is 
great. Fully expanded tentacles in becoming inflected 
sweep through an angle of 180® ; and if they are beforehand 
reflexed, as often occni-s, the angle is oonsiderably greater. 
It is probably the superficial cells at the bending plaee 
which chiefly or exclusively contract ; for the interior cells 
have very delicate walls, and are so few in nnmber that 
they could hardly cause a tentacle to bend with precision 
to a definite point. Though I carefully looked, I could never 
detect any ’wrinkling of the surface at the bending place, 
oven in the case of a tentacle abnormally curved into a com- 
plete circle, under clrcttmetances hereafter to be mentioned. 

All the colls are not acted on, though the motor impulse 
passes through them. When the gland of one of the long 
exterior tentacles is excited, the upper coUb are not in the 
least affected ; about half-way down there is a slight bending, 
but the chief movement is confined to a short space near the 
base ; and no part of the inner tentacle bends except the 
basal portion. With respect to the blade of the leaf, the 
motor impulse may be transmitted through many cells, from 
the centre to the circumference, without their being in the 
least affected, or they may be strongly acted on and the 
blade greatly inflected. In the latter case the movement 
seems to depend partly on the strength of the stimulus, and 
partly on its nature, as when leaves are immersed in certain 
fiuids. 

The power of movement which various plants jk^oss, 
when irritated, has been attrilmted by high authorities to 
the rapid passage of fluid out of certain cells, which, from 
their previous state of tension immediately contract,* 
Whether or not this is the primary cause of such movements, 
fluid must pass out of closed colls when they contract or aro 



^ * Sachs, ' Traiy de hot/ 3ii ciilt. 1S74, p. 1038* This vi*w was, I believe, 
fi-ug^ested fay Latnarck* 
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presseil together iu ono diroctioo, unleea they, at the mtne 
time, expand in eomo other diroction. For Inetanoe, fluid can 
l>e Been to wzo from the surface of any young and vigoroua 
Bhoot if slowly bent into a semi-circle** In the caso of 
Drosexa there is certainly much movement of the fluid 
throughout the tentacles whilst they are undergoing inflec- 
tion, Many leaves can be found in which the purple fluid 
within the colls is of an equally dark tint on the upper and 
lower sides of the tentacles, extending also downwards on 
both sides to equally near their bases* If the tentades of 
such a leaf are excited into movemeut, it will generally be 
found after some hours that the cells on the concave side are 
much j>alcr than they wore before* or are quite colourlesa, 
those on the convex side having iMjcome omch darker* In 
two instances, after particles of hair had been placed on 
glands, and when iu the course of 1 hr* 10 m, the tentacles 
were incurved halfway towards the centre of the leaf* this 
change of colour in the tw o sides was conspicuously plain* 
In another case, after a bit of meat had been placed on a 
gland, the purple colour was observed at intervals to bo 
filowly travelling from the upper to the lower part, down 
the convex side of the bending tentacle. But it does not 
follow from these olssorvat ions that the cells on the convex Bide 
become fiD eel with more fluid during the act of inflcclion than 
they contained before ; for fluid may all the time be passing 
into the disc or into the glands wdiich then secrete freely. 

The bending of the tentacles, w hen leaves are immersed 
in a dense fluid, aud their subsequent re-expansion in a less 
dense fluid, show that tlie passage of fluid from or into the 
cells can cause movements like the natural ones. But the 
inflection thus caused is often irregular; the exterior ten- 
tacles being sometimes spirally curved. Other unnatural 
movements are likewise caused by the application of dense 
fluids, as in the eaeo of drops of syrup placed on the backs 
of leaves and teutacles. Such movements may be compared 
with the oontoitione which many vegetable tissues undergo 
wdien subjected to exosmose. It is therefore doubtful 
whether they throw any light on the natural moveraent.B. 

If we admit that the outward passage of fluid is the cause 
of the bending of the tentacles, we must suppose that the 
cells, before the act of inflectiou, are iu a nigh state of 
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tcneion, and that they arc elastic to (m extraordinary degree ; 
ibr otherwise their contraction could not cause the tentaclos 
often to eweep througk iin angle of above 180'^, Professor 
Cohn, in his iiiterostiug paper* on tlio mOTOmonts of the 
fitamenfl of certain Gompo&ita^, states that these organa, when 
tie ad » are as elastic as threads gf india-rubber, and aro then 
only half as long aa they wore when alive. He believes 
that the living protoplasm within their ceils is ordinarily in 
a state of eipaiision, but is paralysed by irritation, or may 
be said to sutler temporary death ; the elasticity of the oell- 
'walls then coming into play, and causing the contraction of 
the stamens. Xow the colls on the upper or concave side of 
the bending part of the tentacles of Di^oseia do not appear 
to bo in a state of tension, nor to bo highly elastic ; for 
when a leaf is suddenly killed, or dies slowly, it is not the 
ttpi>er but tbo lower sides of the tentacles whicli contract 
from elasticity’. We may therefore conclude that their 
movements cannot ho accounted for by tbo inherent elasticity 
of certain cells, opposed as long as they aix? alive and not 
imtatod by^ the expanded state of their contents. 

A somewhat difterent view has been advanced by other 
physiologists — namely that the protoplasm, ■when irritated, 
contracts like the soft sarcodo of the muscles of animals. 
In Urosera the fluid within the cells of the tentacles at the 
bending place appears under the microscope thin and homo- 
geneous, and after aggregation consists of small, soft masses 
of matter, undergoing incessant changes of form and floating 
iu almost colourless fluid. These masses aro completely 
redissolved when the tentacles re-expand. Now it seems 
scarcely^ possible that such matter should have any' direct 
mechanical power; but if through some molecular change it 
were to occupy’ less space than it did befoi-o, uo doubt the 
cell- walls woidd close up and eoutract. But in this case it 
might he expected that the ’walls would exhibit wrinkles, 
and none could ever bo seen. Moreover, the contents of all 
the cells seem to be of exactly’ the same uutuic, both befoTO 
aud after aggregation ; and y’et only’ a few of the basal cells- 
contract, the j^est of the tentacle remaining straight. 

A tlnird view maintained by’ some physiologists, though 



* ‘ Abhand. der Schks. <jesell. fiir givea in the 'Annnia and Majf. 

Viter], Cultur,' iSiJl, Heft i. An Kat. Hist.' 3ni series, 1653^ vol. ii- 

•exti^Uent jibstract of this paper is pp^ I8d-197. 



CuAr* X,] NATURK OF THE MOTOR IMPUESE. 209 

rejected by most others, is that the whole cell, including the 
walls, actively contracts. Jf the walls are composed aolelv 
of non -nitrogenous cellulose, thia view is highly improbable- 
hut it can hardly be doubted that they must bo permeated 
by proteid matter, at least whilst they are growing, K^or 
does there seem any Inherent improbability in the oell-^ walls 
of Jh osera contracting, oonsidermg their high state of orgatii- 
sation t as shown in the casti of the glan<ls by their power of 
absorption and secretion, and by being exquisitely sensitive 
so as to be allected by the pressure of the most minute 
particles. The cell-walls of the pedicels also allow various 
impulses to pass through them, inducing movement, increased 
secretion and aggregation. On the whole the belief that the 
walls of certain cells contract, some of their contained fluid 
being at the same tinio forced outwards, perhaps accords best 
with the observed facts. If this view is rejected, the next 
most probable one is that the fluid contents of the cells slirinlc, 
owing to a change in their molecular state, wdth the cou- 
eequent closing in of the walls. Anyhow, the movement can 
hardly be attribiited to the elasticity of the wallg, together 
with a previous state of tension.* 

With ios|M3ct to the nature of the motor imptdso which is 
transmitted from the glands down the pedicels and across 
the disc, it seems not improbable that it is clesely allied to 
that influence w-hieh causes the protoplasm within the cellfi 
of the glands and tentacles to aggrtfgate. Wo have seen that 
l>oth forces originate in and proceed from tlio glauds within 
a few socontls of the same time, and are excited by the same 
causes. The aggregation of the protoplasm lasts almost as 
long as the tentacles remain inflected, even though this be 
for more than a week ; but the protoplasm is redissolvcd at 
the lionding place shortly before the tentacles re-espand, 



Gardinor^a intereating paper raafks on tlie lower surface amJ found 
the Contractility of the Proto- that wlien the curraturc tates place, 
plaim nf Plant Cells '’(*Proo. H. Soc/ thfl dtstaace between the marki on 

h'oT. 24, 1&S7, vol. sliii.), in which ho what hMOinei the cooA^ei istirfrtee of 

gives evidence tstading to show that the leaf or t&ntade increjisea. Whtu 

the curvatTiro of the teiitael#s of the leaf opens, or the tentacle 

Droacra is brought about by contrac- straightens, the distance betweea the 

tion of the protoplasm, marks does not retiiin to what it wae 

Batalin (* Flora,* eiperi- at Arat, and this permanent increase 

mented on the curvature of the showK that the ourmture is connected 

tentacles as well fis on the bending with actual growth. — F. D.] 

of the blade of the leaf. He made 
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flliowing that tlic exciting causo of tho aggregating process 
lias tliDn quite ceaaod. Exposure to carlxuiic acid causes lx»th 
the latter process and the motor impulse to travel very slowl^^ 
down the tentacles. Wo know that the aggregating procesa 
is delayed in passing through the ccIhwailF?, and we have 
good reason to believe that this holds good with the motor 
impulse ; for wo can thus understand the different rates of its 
transmission in a longitudinal and transverse line across the 
disc. Under a high power the first sign of aggregation is 
the appearance of a cloudy and soon afterwards of extremely 
fine granules, in the homogeneous purple fluid within the 
ctdls; and this apparently is due to the union of molecules of 
protophifim. Noiv it does not seem an iin probable view that 
the same tendency — namely for the molecules to appruaeh 
each other — should he communicated to the inner surface of 
the ceU-walls which are in contact with the protopla^sm ; and 
if so, their molecules would approach each other, and the cell- 
w-all would contract. 

To this view it may with li'uth be ohjected that w'hcn 
leaves arc immersed in various strong Holutions, or are- 
subjected to a licat of above 130® Fahr. (54® *4 Cent.), aggre- 
gation ensues, but there is no movement. Again, various 
acids and some other fluids cause rapid movement, Imt no 
aggregation, or only of au abnormal nature, or only after a 
long interval of time ; but as most of these fluids are more or 
less injurious, they may check or prevent the aggregating 
process by injuring or killing the protoplasm. There is 
another and more imjxjrtaut difference in the two processes ; 
when the glands on tlie disc arc excited, they transmit some 
influence up the surronndiiig tentacles, w'hich acts on the 
cells at the bending place, but docs not induce aggregation 
until it has reached the glands; these then send back some 
other influence, causiuig the protoplusm to aggregate first in 
tho upper and then in the lower cells. 

The He-expansion of the Icntadesr- -This movement is alw-a\^ 
slow and gradual. ^Vhen the centre of the leaf is excited, V 
a leaf is immersed in a proper solution, all the tentacles bend 
directly tow-ards the centre, and after vvards directly back 
fram it* But \vheu the point of excitement is on one side of 
the disc, the surrounding tentacles bend towards it, and 
there foro obliqiicly wuth respect to their normal direction ; 
w'hcn they afterwards re-expand, they bend obliquely back, 
so as to recover their original positions* The tentacles 
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furthest from an oxcitod point, wlierover that may ho, arc 
the last and tho least affected, and pixihably in consequence 
of this they are the first to xe-expand. The bent portion of 
a closely inflected tentacle is in a state of active contraction 
as shoivii by the following experiment. I\Ieat was placed on 
a loaf, and after the tentacles were closely inflected and had 
quite ceased to move, narrow strips of the disc, ivith a few of 
the outer tentacles attached to it, were cut off and laid on 
one side under tho niicroscope. After several failures, I 
Buccecdod in cutting off the convex surface of the bent portion 
of a tentacle. l^foTcmeiit imraediately re- commenced, and 
the already gi'eatly bent portion wont on bending until it 
formed a perfect circle' the straight distal portion of tho 
tentacle passing on one side of the stnp, Tho convex surfaco 
must therefore havo pre^donsly been in a state of tension, 
sufficient to counterbalance that of the concave surface, 
which, when free, Curled into a complete ring, 

Tho tentaclp of an expanded and unexcited leaf are 
moderately rigid and elastic ; if bent by a needle, the upper 
end yields more easily than the basal and thicker part* which 
alone is capable of becoming inflected. The rigidity of this 
basal part seems due to the tension of tho outer surface 
balancing a state of active and persistent contraction of the 
cells of the inner surface. I hoLievo that this is the case, 
because, when a leaf is dipped into boiling water, the ten- 
tacles suddenly bccomo refiexed, and this apparently indicates 
that the tension of tho outer surface is mechanical, whilst 
that of the inner surface is vital, and is instantly destroyed 
by tho boiling w^ater. We can thus also understand w'hy the 
tentacles as they grow old and feeble slowly become much 
reflexed. If a leaf w'ith its tentacles closely inflected is 
dip]>ed into boiling water, those rise up a little, but by no 
meaus fully re-expanJ. Tins may be oiving to the heat 
quickly destroying tho tension and elasticity of the cells of 
thu convex surface; but I can hardly believe that their 
tension, at any one time, would suffice to carry back tho 
tentacles to their original position, often through an angle of 
above 180°. It ia more probable that fluid, which ive know' 
travels along the tentacles during tho act of inflection, is 
elowdy re-attracted into the cells of tho convex surfftce, their 
tension being thus gradually and continually increased. 

A recapitulation of the chief facts and discussions in thhi 
chapter will be given at tho close of tho next chapter, 

r 2 
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CHAPTER XI. 

Kecapitiilation of the Ciiikp Odsehvations on 

DKOSLRA ROTUNDIFOLIA.* 

As summaries hairG been giiren to most of the chapters, it 
will be Bofficiont here to recapitulate, as briefly as I can, the 
chief pointe. In the first chapter a preliminaiy' sketch was 
given of the Btmeture of tho leaves, anti of the manner in 
which they capture insects. This is effected by tirops of 
extremely viscid fluid surrounding the glands and the 
inward movement of the tentacles. As the plants gain most 
of their mitriment by this means, their roots are very poorly 
developed ■ and they often grow in places where hardly any 
other plant except mosses can exist. The glands have the 
power of absorption, besides that of secretion. They are 
extremely sensitive to various stiraulants, namely repeated 
touches, the pressure of minute particles, the absorption of 
animal matter and of various fluids, heat, and galvanic 
action, A tentacle with a bit of mw meat on the gland has 
been seen to begin bending in 10 s*, to bo strongly incurved 
in 5 m,, and to reach the centre of the leaf in half an hour. 
The blade of the leaf often becomes so much inflected that it 
forms a cup, enclosing any object placed on it. 

A gland, when excited, not only sends some influence 
down its own tentacle, causing it to bend* but likewise 
to the surrounding tentacles, which become incurved ; so 
that the bending place can be acted on by an impulse 
received from opposite dii'ections, namely from the gland on 
tho summit of the same tentacle, and from one or more 
glands of the neighbouring tentacles. Tentacles, when 
inflected, rc-expand after a time, and during this process the 
glands secrete less copionEly or become dry. As soon as 
they begin to secrete again, tho tentacles are ready to ro-act; 
and this may he repeated at least three, probably many 
more times. 



* [the reader consulting thja list of sulditions in the jireaetlfc 
chapter without having read the edition given at the beginning of the 
foregoing pages should look At the hook. — F, DJ 
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It wa& &I 10 W 11 in tho sacoml chapter that animal Bubstances 
placed on the disoB caiiso ninch more prompt and enorffetic 
inflection than do inorganic bodies of the same size, or mere 
mechanical irritation; but thero is a still more marked 
diflerence in the greater length of timo during which the 
tentacles remain inflected over bodies yielding soluble and 
nutritious matter, than over those which do not yield such 
matter. Extremely minute particles of glass, cindeis, hair, 
thread, precipitated chalk, &c., when placed on the glands of 
the outer tentacles, cause them to bend. A particle, nnlees 
it sinks through the secretion and actually touchefl tho 
surface of tho gland wdth some one point, does not pi-odnce 
any eflect. A little bit of thin human hair of an inch 

(-208 mm.) in length, and weighing only of a grain 

(^000822 mg.), though largely supported by the dense 
secretion, suffices to induce movement. It is not probable 
that the pressure in this case could have amouniod to 
that from the millionth of a grain. Even smaller particles 
cause a alight movement, as could be seen through a lens. 
Larger particles than those of w^hich tho measurements 
have been given cause no sensation ’when placed on tho 
tongue, one of the moat sensitive parts of the human 
body. 

Movement ensues if a gland is momentarily touched three 
or four times ; but if touched only once or twice, though with 
considerable force and wuth a hard object, tho tentacle does 
not hend. The plant is thus saved from much useless 
movement, as during a high wund tho glands can hardly 
escape being occasionally brushed by the leaves of sur- 
rounding plants. Though insensible to a single touch, they 
are exquisitely sensitive, as just stated, to the slightest 
pressure if prolonged for a few seconds; and this capacity is 
manifestly of service to the plant in capturing small insects. 
Even gnats, if they rest on the glands with their delicate 
feet, are quickly and securely embraced. The glands arc 
insensible to the w^eight and repeated bloivs of drops of 
heav^^rain, and the plants are thus likewise saved from much 
useless movement. 



Tho description of tho movements of tlie tentacles was 
interrupted in the third chapter for the sake of describing 
the procesB of aggregation. This process ahvays coinnienoGS 
in the cells of the glands, the oontonts of ivhich Unst become 
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cloudy j and this hns been <*bscrverl witbin 10 s. after a 
gland bas been excited* Granules juat resolvable under a 
very high, poiver sc»on appear^ fiometimefi ‘within, a miniite, in 
the cells beneath the glands ; and these then aggregate into 
minnto spheres. The process afterivards travels down the 
tcntoeles, being arrested for a short time at each trausi'erso 
partition. The small spheres coalesce into larger spheres, or 
into ovalj cliib-headed, thread- or necklace-like^ or otherwise 
shaped masses of protoplasm, which, 6H8|>ended in almost 
colourless flnid, exhibit incessant spontaneous changes of 
form. These frequently coalcBce and again separate. If a 
gland has been powerfully excited, all the cells down to the 
base of the tentacle aro affected. In colls, especially if filled 
with dark red fluid, the first stop in the process often is the 
formation of a dark red, hag-1 Ike mass of protoplasm which 
afterw'ards divides and undergoes the usual repeated changes 
of form. Re fore any aggregation has been excited, a sheet 
of colourless protoplasm, including granules (the primordial 
utricle of Molill, flows round the walls of the cells; and this 
hecomes more distinct after the contents liave been partially 
aggregated into epheres or bag-like m asses. But after a 
time the granules are drawn towards the central maases and 
unite wdth them; and then the circulating sheet can no 
longer bo diatlnguished, but there is still a current of trans- 
parent fluid within the cells, 

Aggregation is excited by almost all the stimulants which 
induce movement ; such as the glands being touched two or 
three times, the pi-cssui^ of minute inorganic particles, the 
absorption of various fluids, even long immersion in distilled 
water, exosmcMje, and heat. Of the many stimulants tried, 
carbonate of ammonia is the most energetic and acts the 
quickest; a dose of ^ grain (’0004H mg.) given to 

a single gland sulHces to cause in one hour well-marked 
aggregation in the upper cells of the tentacle. The process 
goes on only as long as the protoplasm is in a living, vigorous, 
and oxygenated condition. 

The rcMilt is in all respects exactly the same, whether a 
gland has been excited directly, or has received an influence 
from other and distant glands. But there is one important 
differonco; ■when the central glands are irrita,tcd, they 
transnut centrifugiilly an influence up the pedicels of the 
exterior tentacles to their glands ; but the actual process of 
aggregation travels centripetally, from the glands of the 
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ej:terior tentacles down their pedicels. The exciting 
influence, therefore, which is transmitted from one part of 
the leaf to another must be different from that which 
actually induces aggregcation. The process does not depend 
on the glands secreting moro copiously than they did “^fore; 
and is independent of fho inflection of the tentacles. It 
continues as long as the tentacles remain inflected, and ns 
soon as these are fully rc-expanded, the little masses of 
protoplasm are all redissolved; the colls becoming filled with 
homogeneous pnrplo fluid, as they were before the leaf w-as 
excited. 

As the process of aggregation can bo excited by a few 
touches, or by the pressure of insoluble particles, it is 
evidently indei^endent of the absorption of any matter, and 
must be of a molecular nature. Even when caused by the 
ahsorption of the carbonate or other salt of ammonia, or an 
infusion of meat, the process seems to be of exactly the same 
nature. The protoplasmic fluid must, therefore, be in a 
singularly unstable condition, to be acted on by such slight 
and vari^ causes, rhysiologiets believe that w^hen a nerve 
is touched, and it transmits an Influence to other parts of the 
nervous system, a molecular change is induced in it, though 
not visible to us. Therefore it is a veiy mterosting speetatjlo 
to watch the effects on the cells of a gland, of the jiressure of 
a bit of hair, weighing only of a grain and largely 

supported by the dense secretion, for this excessively slight 
pressure soon causes a visible change in the protoplasm, 
which change is transraitted doivn the ivhole length of tho 
tentacle, giving it at lost a mottled appoaranoo, distinguish- 
able oven by the naked eye. 

In the fourth chapter it w'as shown that leaves placed for 
a short time in water at a temperature of 110* Fahr. (43**3 
Cent.) become somewhat inflected ; they arc thus also 
rendered more sensitive to the action of meat than they 
were before* If exposed to a temperature of between 115* 
and 125* (46*" 1 — 51*’ 6 Cent.), they are quickly inflected, and 
their protoplasm undergoes aggregation ; when afterwards 
placed in cold^vater, they re-ex pand. Exposed to 130* (5 4* '4 
Cent.), no inflection immediately occurs, but the leaves are 
only temporarily paralysed, for on being left in cold water, 
they often become inflected and afterwards re-expand. In 
one leaf thus treated, I distinctly saw the protoplasm in 
movement. In other leaves treated in the same manner, and 
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then immersed in a sulution of eathonatc of ammonia, Htronfr 
ensued. Leaves placed in cold water, after au 
exposure to so high a temperature as 145“ (62“-7 Cent), 
sometimes become slightly, though slowly inflected; and 
afterwards have the contents of their cells Htrongly aggre- 
gated by carbonate of ammonia. But the duration of the 
immersion is an important element, for if left in water at 145^ 
(G2" ■ 7 Cent), or only at 140° (GO® CentO* imtil it becomes cool, 
they are hilled, and the contents of the glands are rendered 
white and opaque. This latter result seems to be due to the 
coagulation ol the albumen, and was almost alw'ays eaused 
by even a short cxi>osuxe to 150® (G5° ■ 5 Cent.) ; but different 
leaves, and even the separate dells in the same tentacle, 
differ considerably in their posvor of resisting heat. Unless 
the heat has been sufficient to coagulate the albumen, 
carhouate of ammonia suhsequentlj" induces aggregation* 

In tho fifth chapter, the results of placing drops of various 
nitrogenous and non -nitrogenous organic fluids on t tie disc s 
of leaves were given^ and it was sliown that they detect with 
almost unerring certaint^^ the presence of nitrogen. A de- 
coction of green peas or of i'resh cabhage-leavos acta almost 
as powerfully as an infusion of raw meat, whereas an infusion 
of cabbage-leaves made by keeping them for a long time in 
merely w arm w-ater is far loss efficient A decoction of grass’ 
leaves is leas powerful than one of green peas or cabbage* 
leaves. 

These results led me to inquire ■whether Drosera possessed 
the power of dissolving solid animal matter. The experi- 
ments proving that the leaves are capable of true digestion, 
and that the glands absorb tlie digeated matter, aie given in 
detail in the sixth chapter. These are, jMjrhaps, the most 
interesting of all my observations on Drosura, as no such 
power was before distinctly known to exist in the vegetable 
kingdom. It is like wise an interesting fact that the glands 
of the disc, when irritated, should transiuit some influence 
to tho glands of the exterior tentacles, causing them to se- 
crete more copiously and the secretion to become acid, as if 
they had been directly excited hy an object placed on theiu. 
Tho gastric juice of animals contains, us is well known, an 
acid and a ferment, both of which are indispensable for diges- 
tion, and BO it is with tlm secretion of Drosera. When the 
stomach of an animal is mechanically irritated, it Becretes an 
acid, and when particles of glass or other such objects were 
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placed on the glands of Droaera, the secretion, and that of 
the fill rrouTi ding and untouched glands, was incroaeod in 
quantity and bccanio acid. But according to Schilf, the 
fitomach of an animal does not secrete its proper ferment, 
i>epsiii, until ceitEiin substances , which ho calls peptogenes, 
are absorbed; and it appears from my experiments that some 
matter must be absorbed by the glands of Drosera before 
they secrete their proper ferment. That the secretion does 
contain a ferment which acta only in the presence of an acid 
on solid animal matter* was clearly proved by adding minute 
doses of an alkali, which entirely arregted tho process of 
digestion, this immediately recommencing as soon as the 
alkali >vas nentralised by a little weak hydrochloric acid. 
From trials made with a large nnmber of substances, it was 
found that those which the eecretion of Drosera dissolres 
completely, or partially, or not at all, are acted on in exactly 
the same manner by gastric juice. Wo may therefore con- 
clude that the ferment of Drosera is closely analogous to, or 
identical ’with, the pepsin of animals. 

The substances which are digested by Drosera act on the 
leaves very differently. Some cause much moro energetic 
and rapid inflection of the tentacles, and keep them inflected 
for a much longer time, than do others. Wo are thus led to 
believe that the former are more nutritious than tho latteiv 
as is knowu to bo tho case w ith some of these same fiubstance& 
’when given to animals ; for instance, meat in comparison 
with gelatine. As cartilage is so tough a Kubstance and m 
BO little acted on by water, its prompt dissolution by tho 
Bccretion of Drosera, and subsequent absorption, is, perhaps, 
one of the most striking cases. But it is not real!}" more 
Temarkablo than the digestion of meat, which is dissolved by 
this secretion in the same manner and by the same stages as 
by gastric j'uice. The secretion dissolves bone, and even tho 
enamel of teeth, but this is simply duo to thelargequautity 
of acid secreted, owing, apparently, to the desire of the 
plaut for phosphorus. In the case of bone, the ferment does 
not oome into play until all the phosphate of lime has been 
decomposed and free acid is present, and then the fibroiiB 
basis is quickly dissolved. Lastly, the secretion attacks and 
disBoU'es matter out of living seeds, which it Eomotimes kills^ 
or injures, as shown by the diseased state of the seedlings. It 
also absorbs matter from ]>ollen, and from fragments oi leaves. 

The seventh chapter was devoted to the action of tlie 
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Balts of ammonia. These all cause the tentacles, and often 
the blade of the leaf, to ho inflected, and the protoplasm tg 
be aggregated. They act with very different power ; tho 
citrate being the least powerful, and the phosphate, o’vs'ing, 
no doubt, to tho prcKcnce of phosphorus and nitrogen, by fat 
the most powerful* But the relative efficiency of only three 
Balts of ammonia was carefully determined, namely the car- 
bonate, nitrate, and phosphate. The experiments were made 
by placing half-minims (’0296 c.c.) of solutions of different 
strengths on the discs of tho loaves, — ^by appljdng a minute 
drop (about the ^ minim, or ’00296 c.c,) for a few 

SGConds to three or four glauds, — and by tho immersion of 
whole leaves in a measured quantity. In relation to these 
experiments it was necessary first to ascertain the effects of 
distilled water, and it was found, as described in detail, that 
the more sensitive loaves are affected by it, but only in a 
elight degree, 

A solution of the carbonate is absorbed by the roots and 
induces aggregation in their colls, but does not affect tbc' 
leaves, Tho vapour is absorhed by the glands, and causes 
inflection as well as aggregation, A drop of a solution con- 
taining of a grain ('0070 mg.) is tho least quantity 
Tvhich, Tvhen placed on the glands of the disc, excites the 
exterior tentacles to bond inwards. But a minuto drop, con- 
taining xtIw of a grain ( ■00145 mg.), if applied for a few 
seconds to tho secretion surrounding a gland, causes tho 
inflection of the same tentacle. When a highly sensitive 
leaf is immersed in a solution, and there is ample time for 
absorption, tho xrfTiW ^ ( 00024 mg.) is sufficient 

to excite a single tcui^cle iuto movement. 

The nitrate of ammonia induces aggregation of the 
protoplasm much less quietly than the carlionate, but is 
more potent in causing inflection * A drop containing 
of a grain (’027 mg.) placed on the disc acts powerfully 
on all tho exterior tentacles, which have not themselves 
Teceived any of the Bolntion ; Tvhcrcae a drop with ^Vir ^ 
grain caused only a few of these tentacles to bend, but 
affected rather more plainly the blade, A minuto drop ap- 
plied as before, and containing of a grain (-0025 mg.), 

caused the tentacle bearing this gland to beud. By the 
immerKicn of whole leaves, it was proved that the absorit- 
tion by a single gland of p j q ^ of a grain ('0000937 mg.) 
was sufficient to set the same tentacle into movement. 
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The phosphate of ammonia is much more powerful than 
the nitrate. A drop containing ^ of a grain (-0160 ing.) 
placed on tho disc of a sensitive leaf csanecB most of the ex- 
terior tentacles to he inflected, as well as the blade of the leaf. 
A minute drop containing T 3 :; 3 'BTnr of a grain (-000423 mg.), 
applied for a few seconds to a gland, acts, as shown by 
the movement of the tentaele* ^Vhen a leaf is immersed in 
thirty minims (1-774S c.c,) of a solution of one part by 
weight of the salt to 21,875,000 of w'ater, the absorption by 
a gland of only the tsttuWw of a grain {"OOOOOy2S mg.)^ 
that is, a little more than the one-tw^enty-millionth of a 
grain, is enflicient to cause the tentacle bearing this gland 
to bend to the centre of the leaf. In this expca imeut, owing 
to the presonco of the w^ater of cTy&tallisation, less than tlie 
one-thirty- millionth of a grain of the efficient elements 
could have been absorbed. There is nothing remarkable in 
suck minute quantities being absorbed by the glands, for all 
physiologists admit that the salts of ammonia, which must 
be brought in still smaller quantity by a singlo sho%ver of 
rain to the roots, are absorbed by them. Nor is it eur])i ising 
that Drosera should be enabled to profit by the ab&r^rption of 
these salts, for yeast and other low fungoid forms flourish in 
solutions of ammonia, if the other necessary elements are 
present. But it is an astonishing fact, on Tvhich I will not 
here again enlarge, that so inconceivably minute a quantity 
as the onc-twonty-millionth of a grain of phosphate of 
ammonia should induce some change in a gland of Drosera, 
sufficient to caiiise a motor im pulse to be sent dowm the 
whole length of the tentacle ; this impulse exciting niovo-^ 
ment often through an angle of above 180°. I know not 
whether to bo most astonished at this fact, or that the 
pressure of a minute bit of hair, supported by the dense 
Bocretion, should quickly cause conspicuous movement, 
iloreovor, this extreme sensitiveness, exceeding that of the 
most delicate part of the human body, as w‘ell as the power 
of transmitting various impnlsos from ono part of the leaf to 
another, have been acquired without the intervention of auy 
nervouB system. 

As few plants arc at present known to possess glands 
specially adapted for absorption, it seemed w'orth while to 
try the effects on, Droscra of various other salts, ^sides 
those of ammonia, and of various acids. Their action, sm 
described in the eighth chapter, does not correspond at all 
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strictly their chemical affinities, as inferred from the 

class iticat ion commonly followed. The nature of the hase is 
far more influential than tliat of the acid ; and this is known 
to hold good with animals. *For instance, nine salts of 
sodium all caused woll-inarkcd inflection, and none of them 
were poisonous in small doses ; w'hereas seven of the nine 
corresponding salts of potassium produced no effect, two 
causing slight inflection. Small doses, moreover, of some of 
the latter salts were piisonous. The salts of eodiiim and 
potassium, w^hen injected into the veins of animals, likewise 
difler widely in their action. The so-called earthy salts 
produce hardly any oflect on Orosera. On the other hand, 
most of the metallic salts cause rapid and strong inflection, 
and are highly poisonous; but there are Eonio odd exceptions 
to this yule ; tlius chloride of lead and zinc, as. well as two 
salts of barium, did not cause inflection, and were not 

Ijoisonons* i a i 

Most of the acids w'hich were tried, though much diluted 

(one part to 437 of water), and given in siuall defies, acted 
powerfully on Dresera ; nineteen, out of the twenty- four, 
causing the tontaclcfi to he more or less in flee ted. ^ Most of 
them, even tho organic acids, are poisonous, olten highly so; 
and this is remarkable, as the juices ol so many plants 
contain acids. Benzoic acid, which is innocuous to ammals, 
seems to be as poisonous to Droscra as hydrocyanic. On the 
other hand, hydrochloric acid is not poisonous either to 
animals or to Brosera, and inducea only a moderate amount 
of inflection* ^lany acids excite the glands to Eecxeto an 
extraordinary quantity of mucus ; and the protoplasrn 
yvithin their cells seems to be olten killed, as niaj^ho interred 
from the eunoiiiiding fluid soon becoming pink* ^ It le 
fitraiigo that allied acids act very differently i formio aci 
induces very slight inflection, and is not poisonous [ where^ 
acetic acid of the same strength acts most powerfully and is 
poieonoiiB. Lactic acid is also poisonous, but causes innectioii 
only after a considerable lapse of time. Malic acid acts 
Klif^htly, w'hercas citric and. tartaric acids produce no effect 
In the ninth chapter tho effects of tho absorption oi 
various alkaloids and certain other BubstancGs wei^ de- 
scribed. Although Bomo of those are poisonous, yet as 
several, w’hich act powerfully on tho nervous 
animals, produce no eflect on Drosera, W'e may infer ^at tne 
extreme sensibility of the glands, and their powder ot trans- 
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jtiitting atL infill eiice to otlier parts of the leaf, eauEsing 
movement^ or modified secretion, or aggregation, does uot 
depend on the presence of a difftisoJ element, allied to neive- 
tisHue. One of the most remarkable facts ia that long 
iimnemion in the poison of the cobra-snake does not in the 
least chock, but rather stimnlatea, the spontaneous 
mont of the protoplasm in the cells of the tentacles. 
Solution a of various salts and acids behave very differently 
in delaying or in quite arresting the subsequent action of a 
solution of phosphate of ammonia. Camphor dissolved in 
water acts as a stimulant, as do small doses of certain 
essential oils, for they cause rapid and strong inflection. 
Alcohol is not a stimulant. The vapours of camphor, 
alcohol, chloroform, sulphuric and nitric ether, are poisonous 
in moderately large doses, but in small doses serve as 
narcotics or anassthetics, greatly delaying the subsequent 
action of meat. But some of theso vapours also act a^ 
stimulants, exciting rapid, almost spasmodic movements in 
the tentacles. Carbonic acid is likewise a narcotic, and 
retards the aggregation of the protoplasm when carbonate 
of ammonia is subsequently given. The first access of air to 
plants w^hich have been immersed in this gajj sometimes acts 
as a stimulant and induces movement. But, as before 
remarked, a special pharmacopoeia w'ould l>e necessary to 
describe the diversified effects of various subiftances on the 
leaves of Drosera. 

In the tenth chapter it was shown that the Bensitivoness 
of the leaves appears to be w^holly confined to the glands and 
to the immediatedy underlying cells. It was further showui 
that the motor impulse and other forces or influences, 
proceeding from the glands wlien excited, ]>ass through the 
cellular tissue, and not along the fibro-vascular bimdlos. A 
gland sends its motor impulse with groat rapidity down the 
pedicel of the same tentaclo to the basal part which alone 
bonds. The impulse, then passing tmw^ards, spreads on all 
fiides to the surrounding tentacles, first aflfectjng those w^hich 
stand nearest and then those farther off. But by being thus 
spread out, aud from the cells of tlie disc not being so much 
elongated as those of the tentacles, it loses force, and hero 
travels much more slowdy than down the pedicels. Owing 
also to the direction and form of the cel hi, it paBsos wdth 
greater ease and celerity in a longitudinal than in a 
tranavei'aC' LLue across the disc. The impulse proceeding 
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from tlio glands of tlie oxtromo marginal tentacles does not 
floem to have force enough to affect the adjoining tentadea j 
and this may he in part duu to their length* The impulse 
from the glands of the next few inner rows spreads chiefly 
to the teniiioles on eaoh side and towards the centre of the 
loaf; Imt that proceeding from the glands of tho aherter 
tentacles on tho diso radiates almost equally on all sides* 

When a gland is strongly excited hy the quantity or 
quality of the suhstanco placed on it, the motor impulse 
travels farther than from one slightly excited ; and if 
several glands are ainmltaneonsly excited, the irapulaes from 
all unite and spread still farther* As soon aa a gland is 
excited, it discharges an impulse which extends to a con- 
siderable distance; hut afterwards, whilst the gland is 
secreting and absorbing, the impulse sufSces only to keep 
the same tentacle inflected; though the inflection may last 
for many days. 

If the bending jdace of a tentacle receives an impulse 
from its own gland, tho movement is ahvays towards the 
centre of tho leaf ; and so it is with all the tentacles, when 
their glands are es cited by immersion in a proper fluid* 
The short ones in the middle part of the disc must be 
excepted, as thefio do not bend at all when thus excited. On 
tho other hand, when the motor impulse comes from one 
side of the disc, the survonuding tentacles, including^ the 
short ones in the middle of the disCt all Ixjnd ’ndth precision 
towards the point of excitement, wherever this may he 
seated. This ia in every way a remarkable phenomenon ; 
for the leaf falsely api5eara as if endowed w ith the senses of 
an animal. It is all the more remarkable, aa when the 
motor impulse strikes the base of a tentacle obliquely with 
respect to its flattened surface, the contraction of the cells 
must be confined to one, two, or a verjjr few rows at one end. 
And different sides of tho surrounding tentacleB must |ba 
acted on, in order that all should bend with preclaion to the 
point of exeitoment* 

The motor impulse, as it spreads from one or more glands 
across tho disc, enters tho bases of the surrounding tentacles, 
and immediately acts on the bending place. It does not in 
the first place proceed np tho tentacles to tho glands, 
exciting them to reflect back an impulse to their bases* 
Nevertheless, some influence is sent up to tho glands, as 
their secretion is soon increased and rendered acid; anti 
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then the glaiitls, being thus excit(?a, sond back somo otliot 
influence (not dependont on increased secretion, nor on the 
inflection of the tentacleg), causing the protoplasm to 
aggregate in cell beneath, adl. This may be called a reflex 
action, though probably very different from that proccodinpr 
from the nerve-ganglion of an animal; and it is the only 
known case of reflex action in the vegetable kingdom, ^ 

About the mechanism of the movements and the nature of 
the motor impulse we know very little. During the act of 
inflection fluid certainly travels from ono part to another of 
the tentacles. Eut the hypothesis which agrees best with 
the observed facts is that tho mo tor impulse is allied in nature 
to the aggregating process ; and that this causes the mole- 
cules of the cell-walls to approach each other, in the same 
manner as do the molecules of the protoplasm >vithin the 
cells; so that tho celbwalls contract^ But some strong 
objections may be urged against this view. The re-expansion 
of tho tentacles is largely due to the elasticity of their outer 
colls, which Comes into play as soon as those on the inner 
side cease contracting with prepotent force; but wo have 
reason to suspect that fluid is continually and slowly attracted 
into the outer colls during the act of re- expansion, thus 
increasing their tension,* 

i have now given a brief recapitulation of the chief points^ 
observed by me, with respect to the structure, movements, 
constitution, and habits of Drosera rotiitidifolia ; and we see 
how little has been made out in comparison w’ith what 
remains unexplained and unknown. 



* [Incrertfic of fluid iu the external (codtos) cells would tend to jirereut. 
re-eipau^tion, uot to faciUtutc it,— F, D.] 
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CHAPTER XIL 



Ok the SxRCcrcitE asd Movt:uENrs of sohe other Species of 

DitOSP.llA, 

Drosera anfflica — Droxcra intermedia — J)>‘o&cra capemi^ — spathulaia — 
JUiformia — Itroscra binaia — Concluding remAi ka, 

1 examined six other gpeclca of Drosora, eome of thorn in- 
habitants of distant coiintriee, chiefly for the sako of ascer- 
taining whether they caught insecta. This seemed the more 
ncceHSory as the leaves of some of the species differ to an 
extraordinary^ degree in sha]>e from the rounded ones of 
Dnmra rohindifolta. In functional powers, however^ they 
differ very little, 

Drosera angUca (Hudson),* — The leaves of this fii»ecieBT which was 
Bent to me from Ireland j are much elongated, and gradually widen from 
the footstalk to the bluntly pointed aiiex. They stand almost erech 
and their blades sometimes cxceeil 1 inch in length, whilst their 
breadth is only the ^ of an inch. The glands of all the tentacles have 
the same structure, so that the extreme marginal onys do not differ 
from the others, as in the case of Drosem rottindifolia. Wlicn tliey 
are irritated by being roughly touched, or by the pressure of minute 
inorganic particles, or by contact with animal matter, or by the 
-Lbaomtion of carbonate of ammonia, the tentacles become inflected j 
Ssal portion being the chief se4.t of movement. Cutting or 
Tirickiii*^ tbfl blade of the leaf did not excite any movement. They 
froquen'tly capture iusects, and tlie glands of the inflected teatadca 
poti forth mucli acid secretion. Bits of roast meat were ptaccil on 
■at>me glands, and the tentacles began to move in 1 m. or 1 m. ■iiO s- ; 
and in 1 hr. 10 m. reached the centre. TVo bits of boiled cork, one of 
boiled thread, and two of coal-cinders taken from the lire, were placed, 
by the aid of an instrument which had been immersoil in boiling 
water, ou fivu glands ; these superfluous precautions having been taken 
cn account of M. Ziegler’s statements. One of the particles of cinder 



* Treat haa given ao ei- of (which ia a ajn- 

celUnt account in * The American ooym Ln pnirt of Dtvsera 
Nataralist,' Deceiiiber 1B73, p* 705, Dt-Qscra rotundifolia fliforniis. 
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caiiaed some inflection in 8 hrs. 45 tn., aa did after 23 hrs. the other 
jKirticle of dnrler, the bit of thread, and botii bits of cork, Thiee 
glands were toached half a dozen times ivic}i a needle ^ one of the 
tentacles became well inflected in 17 m.* and re-expanded after 24 
hrs, ; the two others never moved, The homogeneous fluid wiihiii the 
cells of the tentacles undergoes aggregation after these have become 
inflected; especially if given a solution of carbonate of ammonia; and 
1 observed the usual movements in the masses of protoplasm. In one 
ca?o, aggregation ensued in 1 hr. 10 m. after a tentacle had carried 
a bit of meat to the centre. Erotu these facts it is clear that the 
tentaclea of Dnmra antjlicd bobavo like those of Dro^em rotundi-^ 
folia. 

If an insect is placed on tlie central glands, or has been naturally 
caught there, the ajTes of the leaf curls inwards. For inatanee, dea/i 
flies were placed on three leaves near their bases, and after 24 hrs. the 
previously straight apices ^vere curleticompletely over, soag to embrace 
and conceal the flies; they bad therefore moved through an ano'le of 
180'^. After three days the a[.>ex of one leaf, together ^vith the tent^les, 
began to rt^xpaud. But t\s far ns I have seen — ^and 1 made raanv- 
trials — the sides of the leaf are never inflected, and this is the one 
functional dilfereucc between this spcdcs and Drosem rotttnd foUa, 

Brosttra iniermedia (Hayne). This si^ecieii is quite common in 
some parts of England as Bros&m rotwidi/oHa-, It diSera from 
i>rose-rfi a-jiglka^ as far as the leaves are concerned, only in their 
Miialler size, and in their tips being generally a little roflexed. They 
capture a large numlicr of insects, ’i’he tentacles are excited into 
inovemeJit by all the causes above specified; and aggregation ensues* 
with movement of the protoplasmic masses. 1 have seen, through a 
lens, a tentacle begin idiig to bend in less than a minute after a 
]>article of raw meat had been placed on the gland. The aixjx of the 
leaf curls over an exciting object as \i\ the CJise of Brosera anglica. 
Acid secretion is copionsly poured over captured insects. A leaf which 
had embraced a fly with all its tcutacks rc-cxpandcd after nearly three 

Droftem capensts. — This species, a native of the Cape of Good Hoi’^, 
was sent to me by Dr. H<M>kcr. The leaves are elongated, slightly 
concave along the middle anti taper towards the apex, which is bluntly 
pointed and rcflc.vcd. I'hey rise from an almost woody axis, and tlicir 
greatest peculiaiity consists in their foliaceous green footsLilks, which 
are alttiost as broad and even, longer than tlie gland^bearing blade. 
This species, therefore, probably draws more nourishment from the air, 
and less from captured insects, than the otlier species of the genus. 
XeverthelesB, tho tentacles arc ciowded together on the disc, and are 
extremely numerous ; those on the margins being much longer tlian 
the central ones. All the glands have the same form ; their secretion 
i^ extremely viscid and acid. 

The specimen which I examined liatl only just recovered from a 
ivcak state of health. This may account for the tentacles moving 

Q 
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very Blowly particles of meat were placed on the glfltirla, atid 

perhaps for my ncTcr succeeding in causing any movemtmt by 
Tejicatedly touching them with a ner'dle. But with all the fl|iecies of 
the genus this latter ^tim^[^s is the least cffcetiTc of any. Particles 
of glass, cork, and ooal-cinders, were placed on the glamls of six 
tentacles; and one alouo moved after an interval of ^ hrs. ilO ni. 
Nevertheless, two glands were extremely sensitive to very small dcn^s 
of the nitrate of ammonia, namely to about of a minim of a solution 
(one part to 5250 of w’ater), containing Only ^ 

(■CKX)5d2 mg*) of the salt. Fmgments of flies Avere placed on two 
leaves near their tipn, which became inc united in 15 hrs. A fly was 
also placed in the middle of tlie leaf; in. a feiv liours the tcntacks on 
each side embraced it, and in 8 hr^. the whole leaf directly beneath 
the fly was a little bent transversely. By the nest morning, after 
23 hrs., the leaf Avaa curled m completely over that the a|KJSi rested 
on the iip|3er end of the bjioi; stalk. In no case did the sides of tbe 

leaves become inflected. A cru.slied fly was placed on the foliaceous 
footstalk, hut pi'culucod no effect, 

Bvoaera spathulata, (sent to me by Dr. Hooker). — I made only a 
few observations on this Australian species, wbich has long, narrow 
leaves, gradually widening to^vards their tips. The glands <4 the 
extreme marginal tentacles are elongated and differ from the others, as 
in the case of Dros^ra -n^tundi/dia* A fly was placed on a leaf, and 
in 18 hrs. it was embraced by the adjoining tentacles. Gun^- water 
dropped on several leaves produced no effect. A fragment of a leaf 
was itiimei’scd in a few drops of a solution of one j'^art of carbonate of 
ammonia to I4fi of w'ater ; all the glands were instantly blackened ; 
tl^e process of aggregation cfn.dd be seen travelling rapidly ilown the 
cells of the teiitacW ; and the granules of protoplasm soon united into 
spheres and variotisly shaped masses, which displayed the usual 
movements. Half a minim of a solution of one of nitrata of 
ammonia to 14 fl of water was nest placed on the centre of a leaf; 
after (i hrs* some margin.al tentacles on both sides were jufleoted,^ and 
after y hra. they met in the centre. The lateral edges of the leaf also 
Ijccame incurved, SO tViat it formed a half-cylinder ; but the. apex of 
the leaf in none of my few trial;* was inflected. The above duwj of 
the nitrate (visi;* of a grain or ‘202 mg.) was too powciful, for in 
the course of 23 hrs. the leaf died. 

Brosf^ra Jiliformh . — This North American species grows in Eudi 
abundance in parts of New Jersey as almost to cover the ground. It 
catches!, according to Mi's. Treat, an extraordinary numl.ser of amall and 
largo ircsects, — even great flies of the genus Asilua, moths, and butter-' 
die's. The specimen which T examined, sent me by Hr. Hooker, had 
thresul-like leaves, from 6 to 12 inchea in length, with the ujjper surface 
convex and the lower fiat and slightly chamielled. The w’hole convex 



* * American Naturalist,* Bfc* 1673, p* 70 j, 
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surfrtcet ^^oba — for thorc la no distinct footstalk is coverod 

with short gland-bearing^ tcntaclea, tlH>so on the margins beintJ- the 
longest and reflexed. Bits of meat placed on the glands of "some 
tentacles caused tliem to be slightly inflected in 20 m.'j but the plant 
was not in a vigorous state- After tS hra* they moved through an 
angle of tlO*, and in 24 hng* reached tlio centre* Tlie BinroimdinH'^ 
teiitades by this time began to curve mwarda. Ultimately a large drop 
of extremely viscid, alightlv acid secretion was poured ever the nieaL 
froTn the united glands. Several other glands were touchosil with a 
little saliva, and the tentacles Ijecame incurved in under 1 hr., and 
re-expanded after 18 hrs, Partidcs of gla-is, cork, cinders, ihrc^, and 
gold-leaf, w’cro pdaced on nameroua glands on ttvo leaves j in aliout 
i hr. four tentacles became curved, and four others after an additional 
interval of 2 hrs. 30 ni. I ijever once succeeded in causiii" my 
movement by repeatedly touching the glatids with a needle” and 
Mrs, Treat made similar trials for me with no success. Small Hies 
w^cre placed on several leaves near their tips, but the thmad-like blade 
became only on one occasion very slightly bent, directly beneath tiu' 
insect. Ferhapis this iridicates that the blades of vigorous jilants 
would bend ever captured insects, and Dr. Canhy informs me that 
this is the cose; hut the movement cannot be strongly pronounced, as 
it was not observed by Mrs* Treat, 

Pnmm hinata (or dichvl&ma)* — I am much indebted to Lady 
Dorothy Nevill for a fine jdantof this almost gigantic Australian species, 
which ditfers in some interesting pomta from those previously descril>eiL 
In this specimen the rush-like footstalks of the leaves were 20 inches 
in length. The blade bifurcates at its junction with the footstalk, atul 
twice or thnea afterwards, curling about in an irreguLar manner. It is 
narrow", l^eing only ^ of an inch in breadth. One (ilade w'as inches 
long, so that the entire leaf, including the footstalk, was above 27 
Inches in length. Both surfaces are slightly hollowed out. The up|icr 
surface L co%"ered with tentacles arranged in alternate rows; these in 
the middle being short and crowded togetherj those towards the margins 
longer, even tivice or thrice as long as the bla^le is broach The glands 
of the exterior tentacles arc of a much darker red than those of llic 
central ones. The pedicels of all are green, llio apex of the blade is 
attenuated, and bears very long tentacles. Mr. Copland informs me 
that the leaves of a plant wliich he kept for some years were generally 
covered with captured insects before they withered. 

The leaves do not difler in essential pointa of structure or of function 
from those of the previously deacribeil s|TecieB* Bits of meat or a li trie 
saliva placed on the glands of the cxierior tentacles caused well-marked 
movement in 3 m., and jwir tides of glass acted in 4 nn The tentacles 
with the latter particles re-ex i>andcd after 22 hrs. A piece of lesif 
immersed in a few" drops of a solutiou of one part of carlioaate oi 



2'” sJrie, tnin 



* [See IL. Morren, ‘Bull, de I'Acfid. lioyale de Belgique,^ 2” 

40, 1B75, wher« thfl plnnt la figured, emd aome e^perimeata described^— F. !>.] 
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(immoinia to 437 of water hail all the ^laods blacltcnetl and all tho 
tentacles inflc'Ctod in 5 nn A bit of raw mcat>t plncxrd on several glanria 
Id the medial furrow, waa well clasped in li hrs- 10 m* by the matgicial 
tentHcle& on b.)th sides. Bita of roast meat and small tlics did not act 
quite BO quickly; and albumen and fibrin still Ic^ quickly. One of 
the bits of meat excited so mueh secretion (which is a 1 ways acid) that 
it do wed some w’ay down the medial furrow, causing iha indcctloa of 
the tentacles on liwth sidf'S aa far as It extended. Particles of p;lasa 
placed on the glands in the medial furrow did not stimulate them, 
sufficiently for any motor impuLso to be sent to the outer tentacles. 
In no case was the blade of the leaf, oven the attenuated apex, at all 
inflected. 

On lK)th the upper and Igwer surface of the blade there are nuin crons 
mimite, almost sessile glands, consisting of four, eight, or tw'clvo cells. 
On the lower surface they aro palo purple, on the upper, greenish . 
Nearly similar organs occur on the foot-stalks, but they arc smaller and 
often in a fhrivdkd condition. The minute glands on the blade can 
absorb rapidly ; thus, a piece of leaf was immerwed in a solution of one 
part of carbonate of ammonia to 218 of ivater (2 gn to 1 oz.), and in 
5 m. they were all fco mucli darkened m to l>e almost black, with tlieir 
contents aggregaiaL They do not, as far as I could observe, secrete 
s}y>ntaneou*ily ; but in between 2 and 3 hrs. after a leaf had been 
rubbed with a bit of raw meat moistened with saliva, they seemed 
to bo secreting freely ; and this conclusion was afterwards supported by 
other appearances. 'Fhcy ore, therefore, homologous with the i^cssile 
glands hercjiftwr to bo described on the leaves of Diomca :iud Droan- 
phyllum. In this latter genus they are associated, as in the pres*m 
case, w'itli glands wijich secrete spun tan eoufJy, that is, without being 
e.^t cited i 

J^rcscra hinaia presents another and more remarkable peculiarity, 
namely, the preseneo of a fe\v tentacles on the backs of the leaves, near 
their margins. These are perfect iu structure; spiral vessels runup 
their i^edicela; their glands are surrounded by drops of viscid secretion, 
and they have the power of absorbing. This latter fact was ahowm by 
the glands immediately becoming black, and the protoplnem aggregat^f, 
when a leaf ivsh placed in a little solution of one part of carbonate 
of ammonia to 437 of water. These dossal tentacles are short, not being 
nearly so long as the marginal ones On the uplicr surface; some of them 
are so short os almost to graduate into the minute sessile gknda. Their 
presence, number, and size, vary oii different leaves, and they are 
arningtMi rather irregularly. On the back of one leaf 1 counted as 
many os twenty-one along ono aide. 

These dorfcial tentacles differ iu one im|>ortant res^vect from those on 
the npi>er surface, namely, in not ixissessing any i^wer of movement, 
iu w^natever maiiuer they may be stimulated. Thus, portions of four 
leaves were placed at Uifierent times in solutions of carbonate oi 
ammonia (one jmrt to 437 or 218 of w'ater), and ail the tentacles on the 
upper surface soon became closely infiected; but the dorsal ones did 
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not move, tlioiigh the leaves wore left in the sf>lution for itienv lion™ 
,imL tb.mgh their glands from their blackened colour had obviouelv 
ateorlx-d some of the salt. Rather young leaves should he seleeti 
for such trials, for the dorsal tentacles, a« they grow old and becin m 
wither, often sijontaneonsly incline towards the mtildle of the leaf If 
these tJ-nitack-s had fiossesscd the power of movement, they would not 
have been thus rendered more serviceable to the plant ; for they are not 
long enough to bend round tlio margin of the loaf so as to reach an 
insect caught on the upper surface. Nor would it have been of any 
use if these tentacles could have moved towards the middle of the 
lower surface, for there are no viscid glands there by which insects 

they liave no power of movement, they are 
probably- of some use by absorbing animal matter from any minute 
insect w'hich may he caught by tJiem, and by absorbing aiUTnonia from 
the mm-iyater, But their varying presence and size, and their irrevuiar 
position, uidicabo that they are not of much service, and that they are 
tending toiiVfirds In a future cliftpter wo ah, all see that 

Drosophyjlum, with its elongated leaves^ probably represents the 
<ionnition of an early progenjtor of tlie gemia Drosera; and none of The 
tent^IcB ot Drosophyllurii, neitbor tboao on the upper nor lower surface 
of the leaves, arc caiwblo of moveiueut whett excited, though they 
capture numerous lusocta, whicli servo as nutriment. Therefore it 
seems that ]}r0Sicr<t hmata has retained reinuants of certain ancestral 
characters— naTodji ^a few motionless tentacles on tlie backs of the 
leaves, and fairly well developed sessile glands — which have been lost 
by moat or all of the other species of the genus. 



C(ynduding Hemarks . — From what we have now seen, there 
can be little doubt that most or prc^bably all the apecies of 
Dro-sera are adapted for catching insects by nearly the aame 
means. Besides the two Australian species above described, 
it is said* that two otlicr species from this countrj% namely 
Droscra jxillida and Drosera fmlphureat cloee their loaves 
upon insects with great rapidity t and the same phenomenon 
jg manifested by an Indian species, D. lunata, and by several 
of those of the Cape of Good Hope, especially by trinervis” 
Anotlier Austmlian species, Drosera IteterophyUa (made by 
Lindley into a distinct genus, Sondera) is remarkable fn>m 
its peculiarly shaped loaves, but I know nothing of itg power 
of catching iti sects, for I have seen only dried speeimens* 
The leaves form minute fattened cups, with the footstalks 
attached not to one margin, but to the bottom^ The inner 



* * Gardener's Chronicle,* 187'f, p> 209. 
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surface and the edges of the cups are studded tentac es, 
which include fibro-vascular bundles, rather different from 
those seen by me in any other species : for some of the vesse » 
are barred and punctured, instead of being spiral. Iho 
glands secrete copiously, judging from the quantity of dned 
secretion adhering to thorn- 
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CHAPTER XIII. 

DiON.'EA JIUSCIPULA, 

StrsictBre of the leaTc* — Sed&ith'eiieA9 of the filaments— 'Eapid TnoTernent of 
the lobes caused by irritfttion of the fUainedti — Glands;, their power of 
secretion— Slow movement CflUscLi bj the absorption of atiimal matter — 
Evidence of absorption from the aggregated coiulition of the glands — 
Digestive power of the secretion — Action of chlorofomn, ethei-j and hydro- 
CTanlc acid— The manner in which insects are captured — Use of the 
marginal spiltes — Kinds of insects captured — The transmission of the 
motor impulse and mechanisui of the movements^ — Ee-eipansion of the 
lobes. 

This plant, coiumouly called Vemig* fly-trap, from tlio rapidit 3 ’ 
ami force of its movements ^ is one of tbe most wonderful in 
the world.* It m a member of the small family'' of the 
Ih oKeraceoe, and is foimd only' in the eaatern part of North 
Carolina, growing in damp situations. The routs are small ; 
those of a moderately fine ]>lant which I examined consisted 
of two hranchea about 1 inch in length, springing from a 
bulbous enlargement. They' probablj' servo, aa in the case 
of Drosera, solely for the absorption of water j fora gardener, 
who haa been very successful in the cultivation of this plant, 
grows it, like an epdi>hy"tic orchid, in w^oll -drained damp 
moss without any soil-t The form of the bilobed leaf, with 
its foliaocous footkalk, is shown in the accompanying drawing 
(lig. 12). The t\vo lol>es stand at rather leas than a right 
ui]gle to each other. Three minute pointed processes or fila- 
ments, placed triangularly, project from the upper surfaces of 
betth ; but 1 have seen two leaves wdth four filaments on each 
side, and another Tivith only two. These filaments are 



* Dr. Hooker, in his jiddrej=8 to 
the British As&ociittitJii fit Bel fist, 
Hi" 4, has given so full an historical 
aceyunt of the observations which 
have been ptiblis-hcd on the habits of 
this plant, that it would be 
fluous fju my part to re^neat them. 



[A good account of the eAi'ly 
literature is given by Kui“tz iu Reicli- 
ert and Dn Bais-Reymtmd'^s ‘ Archiv." 

1378.— F. D.] , 

+ ^Gardent-Vs Chrooiclc, 104 4, p. 
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rcinarkaMo from tliclr extrtime soueitivencBS to a touchy aa 
phown not by their own movomonl:* but by that of the lobe». 
The margins of the leaf aro prolonged into sharp ligid pro- 
jections which I will call BpikeSt into each of which a bundle 
of spiral vessel s enters* 1 lie 0]>iteH stand in such a position 
that» when the lobes close, they interlock like the teeth 
of a rat-trap* The midrib of the leaf, on the lower side, is 
strongly developed and prominent. 

The upper surface* of the leaf ie thickly covered, excepting 
towards the mar gins, \^'ith minute glands ot a reddish or 




Yin. n. 

nLuiiipida 

Jj^nf vli>TrBct iattrally la itA BXpanJc.><l 



purplish colour, the rest of the leaf being green. There are 
no glanda on the spikes, or on tho foliaceous footstalk. The 
glands are funned of from twenty to tliiit^^ polygonal cells, 
filled with purple fluid. Their upper surface is convex. 
They stand on very short pedicels, into which spiral vessels 
do not enteiv in which respect they differ froui the tentacles 
of Drosera* They secrete, but only when excited by the 
absorption of certain matters ; and they have tho power of 



, * [A. !ti iiii Br[5ftl^,i,i tian- fat;t. It h easy to see tlifit tha lower 

sertationon DionfEA(Mar. 1876) states surfbiec of the leaf is a Letter for 
tliat the upper aurface of the leaf the development of stomata than tho 

is devoid of stomata, C. Ue Candolle, upi^er surface, which ja liable to be 

^ Archiveji des ikiiences Phys. et Nat.' coiiiitautiy bathed in secretion. — 
CJ encva, April 1876, tiieation^ the same F. P.j 
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aljaorpt.ioti. Jliiinto projection a, formed of eight divergent 
amis of a redd own or orange colour, and aijpeai-ing 
under ibo niieru&copvo like elegant little dowers, are scattered 
in conaidoTable numbers over the footstalk, the backs of the 
leaves, and tlio spikes, with a fow on I he upper surface of the 
lobes. These octofid projections are no doubt homologous 
Avith the paj>illcc on the leaves of Droscra rotumli/oUa. There 
arc also a Iuav very minute, simple, pointed hairs,* about 
Tishis of an iucli (^0148 mm.) in lengib on the backs of the 
leavoa. 

The sensitive filamcnte’l' aie formed of several roivs of 
elongated cells, filled with purplish fluid. They are a little 
above the of an inch in length \ are thin and "delicate, and 
taper to a point, I examined the bases of several, making 
sections of them, but no trace of the entrance of any vessel 
could he seem The apex is sometimes bifid or even trifid, 
owing to a slight separation l)etween the terminal pointed 
cells. Towards the htise there is constriction, formed of 
broader cells, beneath whleh there is an articulation, supported 
on an enlarged base, consisting of dilicrently shaped poly- 
gonal cells. As the filaments project at right angles to the 
surface of the leaf, they would have been liable to be broken 
Avhe never the lobes closed together, had it not been for the 
articulation a\ hich allows them to Ixitid flat down. 

The^e filaments, from their tips to their basest 
quisitely sen si tiro to a momentary touch. It is scar cel y 
possible to touch them ever so lightly or quickly with any 
hard object without causing the lobes to close. A piece of 
very delicate Lumau hair, 2^ inches in length, held dangling 
o^'e^ a filament, and sw^ayed to and fro s<> as to touch it, did 
not excite any movement. 15nt when a rather thick cotton 
thread of the same length w'as similarly sAvayed* the lobes 
closed. I'inches of fine w'heaten flour, dio]>iXid from a height, 
produced no effect. The above-mentioned hair was then fixed 
into a handle, and cut off so that 1 inch projected; this 



* fl'hcse hatra wtre ataoDt in the gencies.” — F. D-] 

sjiecimeu a examined by liurta (keich- J [Bataliii (‘Flora/ 1877) 

«rt otui Du Btiiifr.KeyaiouJ *3 * Arohiv.' Oudomana (II. Acadeiuy of Sdeacea of 
187 G). — F. D.] ' Amsterdam, 1859), to the eiJeet that 

t [Botii FrauataJt and DeCfindolle the arc miEch more sensitiya 

hniye described the structure of these at the base than elsewhere, llatalin 

111 ament a, and have shown that their eoniiriuia the fuct from his oiivn abaci'* 

luorphelogieal rank is thatof “ emer- vatioas. — F. D.] 
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being sufficiently rigifl to support itself in si nearly 
horizontal lino. The oxtromity was then broTight by a slow 
movement latorally into contact with the tip of a flsiraont, 
and the leaf install tlv closed* On another occasion two or 

kf 

three touches of the same kind Tvere necessary before any 
moTcment ensued - When we consider how ilexiblo u fine 
hair ig, we msiy form some idea how slight must he the tO'Ueh 
given by the extremity of a piece, 1 inch in length, moved 
slowly* 

Although theso filaments are so sensitive to a momentary 
and delicate touch, they are far less sensitive than tho glands 
of Drosera to prolonged pressure. Several times! T succeeded 
in placing <>n tho tip of a iiUtment, by the aid of a needle 
moved with extreme slowness, bits ot rather thick human 
hair, and tljose d.id not excite movement, aUhough they were 
more than ten times as long as those which caused tlie ten’' 
tades of Drt>sora to bend; and although in this latter case 
they ivQiG largely supported by the dense secretion. On the 
other hand, tho glands of Brosera may l>o struck with a needle 
or any hard object, once, twice, or even tlirice, with consider- 
able force, and no movement ensues* This singular difterencj 
in the nature of the sensitiveness of the filaments of Dion ©a 
and of tho glands of Drosera evidently stauds in relation to 
the liabits of tho two planta. If a minute insect alights with 
its delicate feet on tho glands of Drosera, it is caught by the 
viscid secretion, and tho slight, though prolonged pressure, 
gives notice of tho presence of prey, which is secured by the 
slow bonding of the tentaeles. On the other hand, tho 
Konsitivo filaments of Diontea aro not viscid, and tho capture 
of insects can lie assured only by their sensitivenoss to a 
momentary touch, followed by tho rapid clostiro of the lobes. 

As just stated, the filaments arc not glandular, and do not 
secrete. Xor have thoy^ tho power of alisorption, as may he 
inferred from drops of a solution of carlxjnate of aiumoiiia 
(ono part to 146 of water), placed on two filaments, not pro- 
micing any effect on tho contents of their colls, nor causing 
the lobes to close. When, however, a small portion of a leaf 
^vith an attached filament was cut off and immersed in the 



• [Maiik (Kci chert and du Bniii* 
Royin&nd's *Archir/ 1676, 1Q5) 

states that the leaves cf hU plants 
freouently closed whett the 



cov’erin?' theiia was Tcmoved. It is 
remarfeable that the change from a 
damp to n dry atitioaphere shoali 
proiluM this eflect. — F. 1),] 
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sjimo BoIntioTi, the fluid ivitiiiii t!ie Iwisal cells l>ecarao almost 
instantly a^^grej^ated into purplish or colonrlcse, Irregularly 
shaped masses of matter. The process of aggregation grad- 
ual I travel led lip the fl lam cuts from cell to cell to their c£- 
tremities, tliatis in a reverse course to what occurs iu the ten- 
tacles 0 f Drosora when their gl amds have been e xcited , Se ver al 
other filaments were cut off close to their bases, and left for 
1 hr, 30 in. in a weaker solution of one part of the earlwnate to 
218 of water, and this caused aggregation in all the cells 

cointiieneing as hefore at the bases of the filaments. 

Long inimersifui of the filaments in distilled water likewise 
causes aggregation, Xor is it rare to find the contents of 
a few ot the teiminal cells in a spontaneously aggregated 
condition, T he aggregated masses undergo incessant slow 
changes of form, uniting and again 8Ci>arating] and some of 
them apparently revolve round their ow n axes, A current 
of colourless granular protoplasm could als^J he seen travelling 
round tho iivalls of the cells. This current ceases to b& 
visible as soon as the contents are w-ell aggregated ; hut it 
probably still continues, though no longer visible, owdug to 
fill tho granules in the flowing layer having become united 
with the central masses. In all these respects the filaments 
of Dionma behave exactly like the tentacles of Drosera. 

Notwithstanding this similarity there is one remarkable 
difierence. The tentacles of Drosera, after their glands have 
l>ecn repeatedly touched, or a particle of any kind has been 
jilaced on them, become inflected and strongly aggregate ch 
No such eflect is produced by touching the fikimonta of 
Dioiiiea j 1 compared, after an hour or tw’o, somo w'hich had 
beon touched an(l somo which, had not, and others after 
tw^enty-fivo hours, and there wa.s no difierence in the contend 
of the celle* The leaves wore kept open all the time by clips; 

so that the filaments wore not 2 >ressed against the opposite 
lobe, 

pi,-ops of 'ivater,* or a thin broken stream, falling from a 
height on the filaments, did not cause the blades to close; 
though these filaments w^ere afterwards proved to bo highly 



* [C. Di* Candolle Archi’ i''es dcs 

Sv. PhyB. et Nat.' Genovn, Apill 187 G) 
states that drops of water which iti- 
Iringe oa the fitainents in the direc- 
tion of their length do not stimu- 



late the leaf, but that it may be ruatie 
to cIgi 8.& by n eurrent of water directed 
at right angks to the filament. — 

F* D.] 
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sensitive. No doubt, as in the case of Drnsora, the plant ih 
indifferent to the heaviest shower of rain. UropsofaBolntioii 
of lialf an ounce of sugar to a fluid ounce of water were 
repeatedly allff^ ed to fall from a height on the filaments, biiit 
pfo^tnccd no effect, unless they adhered to them. Again, 1 
blew niEiny times through a fine pointed tube with iny utmost 
force against the filaments without any etiect; such blowing 
bein<^ received with as much indifference as no doubt 18 a 
gale of wind. ^Vo thus see that the sensitiveness of 
the filaments is of a Bpccialiaed nature, being related to a 
moinentarv^ touch rather than to prolonged pressure ; and tfic 
touch must not be from fluids, such as air or water, but from 

come solid objecti^ i i j. i 

Althougli dr(ips of Tvater and of a moderately strong solu- 
tion of sugar, falling on the filiuiicnts, does not excite them 
yet the iiniiiersioni t>f a leaf in pure ivater sometimes caused 
the lobes to close. One leaf was left immersed for 1 hr, 10 in. 
and three other IcEives for some minutes, in water at tem- 
peratures varying tiet ween 50^ and Go° (15“^ to IS ’3 Cent.) 
Avithout any effect. One, however, of these four lea-ves on 
iToing "ently withdrawn from the water, closed rather quickly. 
The tlmeo olther leaves were proved to be in good condition, 
is they closed when their filaments wei^ touched. Never^ 
thelesH two fresh leaves on being dipped into water at 
And 62 (23^' a and lG®-9 Gen l) instantly closed. Iheac 

were then placed, w'ith their footstalks in water, and after 
23 hrs. partially re-expanded ; on touching their lllaiuen+s one 
of them closed. This latter leaf after an additional 24 hrs. 
again re-expanded, and now, on the filaments of both leaves 
being touched, both closed. %V© thus sec that a short immer- 
sion in water does not at all injure the leaves, but sometimes 
excites the lobes to close. The movement in the abovo cases 
was evidently not caused by the temperature of tho water. 
It iiaa been^showm that long immersion causes the purple 
fluid within the cells of tho sensitive filamenta to become 
aggregated ; and the tentacles of Drosera are acted on in the 
same manner by long immersion, often l>elng somewhat 
inflected. In Iwth cases tho result is probably duo to a 
slight degree of oxoenioso. 

I am coufiimod in this belief by the effects of immersing a 
leaf of Dionaja in a moderately strong solution of sugar; the 
leaf having been previously left for 1 hr, 10 m. m water 
without any effect ; for now tho lobes closed rather quickly , 
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tlio tipa of the iDart^inal spikes crossing in 2 m. 30 9 aucl 
the leaf beiiif? completely shut in 3 m. Three leaves 'were 
then iiiitnerKed in a solution of half an ounce of sm^ar to a 
ilmd ounce of water, and all three leaves closed uui chi y. 
As I was doubtful whether this was duo to the cells on tho 
npi>er surface of the lobes, or to the eeneitivcllUments.beiutr 
acted on hy exosmosts one loaf was first tried by prsnrin^^ a 
little of the same Kolution in the furrow between the lobes 
over tlT.e miiinb, which is the chief seat of movefiient* It 
was left there for some time, but no movenieut ensued. The 
whole upper Bnrfnce of loaf then painled (excejit close 
ixmnd the bases of the sensitive iilamentg, which ! could not 
do without risk of touching them) with the same solution, 
but no effect was produced. So that the cells on the upper 
surface are not thus affected. ]5nfc when, after many trials, 
I succeeded in getting a drop of the solution to cling to one 
of the filaments, the leaf quickly closed* Hence avo may, I 
tldnk, conclude that the solution causes fluid to pass out of 
the delicate cell of the iilaiuenta by ex osmose; and that this 
sets up some molecular change in their contents, analogous 
to that which must be produced by a touch. 

The immersion of leaves in a solution of sugar affects them 
for a much longer time than does an immersion in water, or 
a touch on the filaments ; for in these latter cases the lobes 
begin to re-ex pan d in less than a day. On the other hand, 
of the three leaves which w^cro immersed for a short time in 
the solution, and "were then w^ashed by means of a syringe^ 
inserted bet^veen the lobes, one re-expanded after tw^o days ; 
a second after seven daj’s; and the third after nine days. 
The leaf Avhich closed, owing to a drop of the solution 
having adhered lo one of the filaments, opened after two days. 

1 was surprised to find on two occasions that the heat from 
the rays of the sun, concentrated by a lens on the bases of 
several filamonti?, so that they were scorched anddiscoloureJ, 
did not cause any movement; though the leaves were active, 
as they closed, though rather slowdy, when a filament on the 
opposite side was touched. On a third trial, a fresh leaf 
closed after a time, though very slowly; the rate not being 
increased by one of the filainents, which had net been 
injured, being touched. After a day these three leaves 
o]ioned, and w'ere fairly sensitive when the miiujured fila- 
ments were touched* The sudden iuimeiiBion of a leaf into 
boiling w'atur does not cause it to close* Judging from the 
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tinalogy of Dvosorn, tho hoat in these fleveral cases was too 
^reat anfl too suddenly applied. The siirfaco of the hlado in 
very slightly sensitive; it may be freely and roughly handled^ 
without any movement being caused. A leaf was scratched 
rather hard with a needle^ but did ^lot close ; but when the 
triangular space between the three filaTnenta on another leaf 
was sirailarly scratched^ the lobes closed. They always 
closed when "the blade or midrib was deeply pricked or cut. 
Inorganic bodies, oven of large size, such as bits of stone, 
glass, — or organic bodies not containing soluble nitro- 

genons matter, such as bits of wood, cork, moss, or bodies 
containing soluble nitrogenoira matter, if perfectly dry, such 
as bits of meat, albumen, gelatine, Arc., may l>e long left (and 
inanv ivere tried) on the iol»es, and no movement is excited. 
ThcVesnlt, however, is widely diticrent, as we shall presently 
see, if nitrogenous organic bodies which arc at all damp, are 
left on tlie lobes ; for these then close by a slow and gradual 
movement, very different from that caused by touching one 
of the sensitive filaments. The footstalk is not in the least 
sensitive ; a pin may be driven through it, or it may be cut 
off and no movement follows. 

The upper surfaco of the lobes, as already stated, is 
thickly covered with small purplish, almost se&silo glands.* 
These have the power both of Bocretion and absorption ; but, 
unlike those of Drosora, they do not secrete until excited 
by the absorption of nitrogenous matter. Ko other excite- 
ment, as far as I have seen, prodnees this effect. Objects, 
«ueh as bits of wood, cork, moss, paper, etone, or glass, may 
be left for a length of time on the surface of a leaf, mid it 
remains quite diy. Xor dees it make any difference if the 
lobes close over such objects. For instance, some little halls 
of blotting-paper were placed on a leaf, and a filament w-as 
touched ; and W’hen after 124 hrs. the lobes began to re-opco, 



♦[{jimiiTitr lisia dcscrib<jil these 
ill the * Froceeiiings of the R, 
isoeietv,’ vol p, 190. When at 

1 ,‘fist tlie gland-eclls show a granular 
proto plasm, contnitiing in, most 
a siingle large vacuole; the uuoletm is 
situated at the base of the cell. At 
the end of the seci'cting period the 
following changes haveocouiTed. The 
nucleus Bfivraa to diminish in size, it 
haa aaaumcd n central position; the 



protoplasm U much leas granular 
than before, and contains a nuniher 
of Amall vacuoles, so that the nucleus 
appears siispemled by radiating 
straddg of protoplasm in the centre 
of the cell. 

Another change produced by the 
feeding (he leaf is the appearance, io 
the parenchyma, of tuilts of greenish 
velSow crystals of unknown nature.— 

F. D.] 
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tha balls v/ere rtiinovt.4 by the aid of tldn pincers, and 
fiiUiid perfectly dry. On the other hand, if a bit of damn 
jncat or a crushed lly is i>laced on the gujfaco of an expanded 
leaf, ^lie glands after a time geciotei freely. In oim suck 
case there was a little secretion directly beneath the meat in 
4 hrs. ; and alier an additional 3 hrg, there was a consider- 
able quantity both under and close round it* Jn another 
case, after 3 ill’s. 40 in., the bit of meat was quite wot. But 
none of tbc glands secreted, excepting those which actually 
touched the meat or the secretion cont^iinin"- diseoived 
animal matter. ^ 

If, however, the lobes are made to close over a bit of meat 
or an insect, the result is different, for the glands over the 
whole surface of the leaf now aecreto copiously. As in this 
case the glands on both sides are pressed against the meat or 
insect, the secretion from the first is twice as great as when 
a bit of meat is laid on the surface of one lobe ; and as the 
two lobes come into almost close contact, the secretion, 
containing dissolved animal matter, spreads by capillary 
attractiou, causing fresh glands on both sides to begin 
secreting in a continually widening circle. Tbe secretion is 
almost colourless, slightly mucilaginous, and, judging by the 
manner in which it coloured litmus paper, more strongly 
acid than that of Drosera. It is so copious that on lam 
occasion, ^vhon a leaf was cut open, on w-hich a small cube 
of albumen had been placed 45 hrs. before, drops rolled off 
the leaf. On another occasion, in which a leaf with an 
enclosed bit of roast meat spontaneously opened after eiglit 
days, there was so much secretion in the furrow over the 
midrib that it trickled down* A large crushed fiy (Tipula) 
was placed on a leaf from which a small portion at the base 
of one lobe had previously been cut aw^ay, so that an opening 
^ras left ; and through this, the secretion continued to rim 
dowm the footstalk during nine days, — that is, for as long a 
time as it w'as observed. Ey forcing up one of the lobes, I 
was able to see some distance between them, and ail tbc 
glands within sight were secreting freely* 

dVe have seen that inorganic and non-nitrogeuoes objects 
placed on the loaves do not excite any movement ; but 
nitrogenous bodite, if in the least degree damp, cause after 
several hours the lobes to close slowdy. Thus bits of quite 
dry meat and gelatine were placed at opposite ends of the 
Slime leaf, and in tbe oourso of 24 bis. excited neither 
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eecretion nor moTremeTit. Thej were then dipped in xvater, 
their surfaces dried on blotting-|)aper^ and replaced on the 
same lea^f, the plant being nOAv covered with a boll-glass. 
After 24 hrs. the damp meat had excited some acid Becretion, 
and the lobes at this end of the leaf were almost shut. At 
the other end, whore the damp gelatin o lay, the leaf was 
still quite open, nor had any secretion been excited ; m that, 
as Tvith Droscra, gelatine is not nearly so exciting a sub- 
stance as meat, 'lire secretion boneatli the meat was tested 
by pushing a strip of Htmua pEiper under it (tho filaments 
not being touched), and this slight stimuli! a caused the leaf 
to shut. On tho eleventh day it reopened ; but the end 
where the gelatine lay, expanded several hours before tho 
opposite end with the meat. 

A second bit of roast meat, which appeared dry, though it 
had not been purposely dried, was left for 24 hrs. on a leaf, 
caused neither movement nor secretion. The plant in its 
pot w'as now- covered with a bell-glass, and tho meat absorbed 
some moisture from the air; this sufficed to excite acid 
secretion, and by the next morning the leaf w^as closcl.y shut. 
A third bit of meat, dried so as to be quite brittle, wa-; 
placed on a leaf under a bell-glass, and this also became in 
24 hrs, slightly damp, and excited some acid Eccretion, but 
uo movement. 

A rather large piece of perfectly dry albumen was left at 
one end of a leaf for 24 hre. W'ithout any effect. Jt was then 
soaked for a fewv minutes in w'^ater, rolled about on blottuxg- 
paper, and replaced on the leaf ; in 9 hrs. some slightly acid 
secretion w-as excited, and io 24 hrs. this end of the leaf w us 
partially closed, Tho bit of albumen, 'ivhich w'as now 
surrounded by much secretion, was gently removed, and 
although no filament was touched, the lobes closed. In this 
and the previous case, it appears that the absorption of 
animal matter by the glands renders the snrfacc of the leaf 
much more sensitive to a touch than it is iu its ordinary 
state ; and tliis is a curious fact. Two days afterwards the 
end of the leaf where nothing had been placed began to 
open, and cn the third day w'os much more open than the 
opposite end where the albumen had lain. 

Lastly, large drops of a solution of one part of carbonate 
of ammonia to 146 of ivater w^crc placed on some leaves, but 
no immediate movemetit ensued. I did not then know ol 
the slow movement caused by animal matter, otherwise 1 
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Ml hayo ol^eT-vod the leaves for a lonser time, and they 
yould prohabJy have been found dosed, though the solution 
{judging from Droscra) u as, perhaps, too strong 
Froni the foregoing eases it is certain that bits of meat 
and albiiuieu, li at all damp, excite not only the irlatids.T/i 
Bocrcte, but the lobes to close. This movement is widely 
different lixiiu the rapid closure caused by one of thn 
filaments being toucLed. We shall see its importance when 
we treat of the manner in which insects are captured 
T^crc IS a great contrast bctwcon Droscra oud Dionma in the 
effects produced by mechanical irritation on the one hand 
and tho absorption of animal matter on tho other. Particles 
of glass placed on the glands of tho exterior tentacles of 
Di-osera excite movement within nearly the same time, as 
do particles of meat, the latter being ralher tho most 
efficient ; but when tho glands of tho disc have bits of meat 
given them, they transmit a motor impulse to the exterior 
tentacles much more quietly than do these glands when 
iieanng inorganie particles, or when irritated by repeated 
touches. On the other hand, with Dionsea, touching tho 
nlameiits excites incomparably quicker movement than tho 
absorption of animal matter by the glands. Nevertheless, in 
certain oases, this latter stimulus is the more powerful of the 
two. On three occasions leaves were found which from 
some cause ivore torpid, so that their lobes closed only 
slightly, liowever much their filaments were irritated ; but 
on rasertiug crushed insects between tho lobe.s, they became 
lu a day closely sliut. 

The facts j'ust given plainly show that the glands have 
the power of alisovption, for otherwise it is imi>os6ible that 

the leaves should bo bo didbrently ajBfocted by uon-nitro- 
j^enous tUid uitrogenouB bodice, and between these latter in a 
and damp condition. It is surprising how slightly 
damp a bit of meat or albumen need be in order to excite 
weeretiou and afterwards slow movomentt and equally 

^ quantity of auimal matter, when 
abeorbed, Bufficca to produce these two efi'ectBi It seems 
iiardly credible* and yet it is cerhiluly a fact, that a bit of 
hard-boiled white of egg* first thoroughly dried, then soaked 
lor some minutcB in water and rolled, on bLottiug-paper, 
should yield lu a few' houra enough animal matter to the 
ftlands to eausc them to secret ji, and afterwards the lobes to 
close. That the glands hav 3 the jiower of absor}>tion is 
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lil?ewise shoivn bv tiio very different len^thfi of time fas wo 
ishall presently see) dnriug which tho lobes remain closed 
over insects and other bodies yielding soluble nitrogenous^ 
matteij and over such as do not yield any. lint there is 
direct evidence of absorption in the condition of the glands 
which have remained for some time in contact with auiniial 
luattcT. Thus bits of meat and crushed insects were several 
times placed on glands* and these were compared after some 
hours with other glands from distant parts of the same leaf. 
The latter showed not a trace of aggregation » whereas thosc- 
which had been in contact with the animal matter ivcre well 
nggregated. Aggregation maybe seen to occur veiy quickly 
if a piece of a leaf is immersed in a ’weak solution of carlxjiiiito 
of ammonia. Again, small cuIkjs of alhnmcn and gelatine 
’were loft for eight days on a leaf, w^hich "was then cut open, 
Thu whole surface was bathed w4th acid secretion* and eveiy 
cell in the many glands Trvhich ’were cxaniiiied had its 
contents aggregated in a beautiful manner into dark or palo 
purple, or colour] esfi globular masses of protoplasm. These 
undcr’wunt incessant slow changes of forms; sometimes 
separating from one another and then reuniting, exactly as 
in the cells of Drosura, Boiling water makes the contents 
of the gland -cells white and opaque, but not ^io ]i’iii‘cdy ivhite 
and porcelain-liko as in tho case of DrosorEi. How' living 
insects, ’when naturally caught, excite the glands to secrete 
so quickly as they do, I know" not ; but I suppose that the 
great pressure to w-hicb they arc subjected force?! n littlo 
excretion from either extremitj^ of their bodies* and wc have 
seen that an extremely small amount of nitrogenous matter 
is sufficient to excite the glands. 

Before ]jassing on to the subject of digestion, I may state 
that I enHeavoured to discover* wntli no eucccss, the functions 
of the minute octofid proceRS<?s ’ivith ’which the leaves are 
studded. From facts hereafter to he given in tlie chapteiii 
on Aldrovanda and Utricularla, it seemed proltablo that they 
served to absorb decayed matter left by the captured iiisc^ets ; 
hut their position on tho hacks of thu leaves and on tho 
footstalks rendered this aliuost impossible. Xeverthelcss* 
leaves w^ere immersed in a solution of one part of urea to 437 
of ’^\"atcr, and after 24 hrs, the orange layer of protoplasm 
wdtbin the anus of these processes did' not appear more 
aggregated than in other specimens kept in ^vatcr. I then 
tried suspending a leaf in a bottle over an excessively putrid 
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infusion of rfLw meat, to see ^vhetlleT they absorbed tL ^ 
vapour, but tlioir contents wore not affectcrL ^ 

I)itie>tive Poiccr of the Sea-cHm*~V{heu a leaf closes orcr 
any object, it iiiay be saitl to form itself into a temporai-v 
Btomach; and ll tbs object yields ever so little animal 
matter, this serves, to use Sctiiff's expression, as a poptOEcne t 
and the glands on tlio surface pour forth their acid seerotio’n 
wliieh acts like the gastnojuice of animals. As so many ex’ 
periments were tried on the digestive power of Drosera only 
a few were made with Diouma, but they were amply Biifficieot 
to prove that it digests. This plant, moreover, is not so 



* Dr. W. 5f. Cacbj, of Wilim ington, 
to Tvhfitn I am much indebte4 for 
inforiiiatiotL r^g^rding Dion^a ia ita 
native home, ha.*? publi^hiiiij in the 
^Gardener’s ilonthly/ PhUadelphin, 
August 18 EjS, some mtereating ob- 
serTiUious. He aKcettaioed that the 
secretion digests animal matter, such 
fii the contents of insects, bits of 
nujat, i-Oif !ind that the secretion Is 
TcahsorbeJ, ile was also well aware 
that the lohea remain closed, for a 
much longer time when in contact 
with: animal tn after thast when made 
ti> shut by a mere touch, or over 
objects not yielding soluble nuiri’* 
ment; and that in these latter caa^s 
the gknJs do not Becreie. The Kev* 
Dr. Curtis first observed (^Boston 
Jonmal JTat. Hist** vol. I p. 123 ) 
the secretion fromi the glands. 1 
may here add that n gardener, 31 r. 
Knight, is said (Kirby and Spctice** 
‘Int^duction to Entomology/ IglS, 
Tofi i. p. 295) to have found that a 
plant ot the Diona?a, on the leaves of 
which he laid fine filaments of raw 
hcef, was much more liiicurinnt in its 
growth than others not so treated.'' 

[fhe earlier history of the Subject 
Is given ill Sir Joseph Hooker’s *^Ad- 
diTja* to the Department of Botany 
□nrl Zoology/* ‘liritisk Association 
jvejK>r^' 1874, p. 102, whence the 
following facts arc takcn+ 

^^*it 17G8 Ellis, a well-known 
triglish naturalist, sent to Linna-us n 
di'andug and Epocimens of Dionxa 



with the following remarks A Ei> 
tftjiical DeBCTiption of the JJ'OTiiiti 
rmiscipKlii. * . . In a letter to Sir 
Charles LinnEens," p, 37 ) t — r 

“ The plant, of w^hkh 1 now enclose 
you au eiact figure. . . . shows that. 
Nature may have Bomoviewa towards 
its nourishment, ia forming the up|^e^ 
joint of its leaf like a machine to 
catch food,” 

Linnaeus was uuabk to beHevc that 
f h & ]dant could profit by the captuienl 
insects 5 he only saiv in the pKciiymen.i 
“au Gilremc case of sensitiveness in 
the leaves which causes them to fold 
tip where irritated, just aa the sen si- 
tive plant does; and he consef|uently 
regarded the capture of the dUturb- 
ing insect as something mei-cly 
accidental and of no im[>ortance to 
the plant. . . . Linnseua’s authority 
overbore cntJcism if any was offered j 
and his statement ahcut the behaviour 
of the leaves ivas copied from book to 
hook, , . , Dr. [ErasmusJ Darwia 
(1791) was contented to suppose that 
Djonata surroundeti itself with insect’ 
traps to prevent deprvnlations upon 
its fioivcrs. Dr. Curtis, whoss con- 
tribution to the subject has been 
already mentioned, describes the 
captureil insect e as enveloped In n 
fluid of a mucilaginous consistGucc 
which seems to act as a solvent, the 
insecte being niore or less consumed 
by it/^— F. Ih] 

I [See footnote, p. IOC. — F. D.] 
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v.'t'W fitted aR Droscra for oliserTatioii, as the process goes on 
the closed lohee. Insects, oveu beetles, after being 
subjected to the secretion for several days, are surprisingly 
softened, though tiicir chitiuous coats are not corroded. 



Exj^erimmt I.— A cube of albumen of of an inch (2 HA0 mm-) 
placed at one end of a leaf, and at the other end an oblong piece 
of gelatine, i of an inch (5 'OS nim,) long, and broful ; tlie leaf was 
then made to dose. It was cut o^ten after 46 hrs. The albumen w‘as 
hard and compi cssed, with its angles only a little rounded j the gelatine 
was corroded into an oval form; and k>th were bathed in so inuch 
add secretion that it dnpiicd off the leaf. The digestive process 
ap]>arently is rather sloiver than in Djosctci, and thla agrees with the 
length cf time during which the leaves remain dosed over digestible 
ohjecis. 

EjLpeTimmt 2.— A bit of albumen -jU ^f an inch square, but only 
in thichnesfl, and a piece of gelatine ot the same sisio as before, were 
placed on a leaf, which eigVit days afterwards wa.s cut tqien. The sur- 
face was bathed with slightly adhesive, very acid flecretion, and the 
glands were all in an aggregated condition. Kot a vestige of the 
idbumcn or gelatine was left. Similarly sized pueces were placed at 
the same time on w^t moss on the tyiine t>oe, so that they w’cre sub- 
jected to nearly similar conditions ; after eight days these were brown, 
’decayed, and mattctl with fibres of mould, but ha^I not disappeared, 
ExptriTnent 3. — A piece of albumen of an inch (3'8l mm.) long, 
and broad and thick, and a piece of gelatine of the same sixe 
Itefore, were pdaced on another leaf, which was cut open after seven 
days; not a vcsiige of cither aubstanco was left, and only a moderate 
amount of secretion on the surface, 

Experim'‘Mi 4*^ — Pieces of albumen and gelatine, of the aaine size as 
in the last esiieriinent, were placed on a kaf, which sjxnitaneously 
opened after twelve days, and here again not a vestige of either was 
left, and (jnly a Httio accretion at one end of the midrib, 

Expcrimeid 5. — Piecea of albumen and gelatine of the same size were 
placed on another leaf, which a feet twelve days was still firmly closed, 
but had begun to w'ither ; it was cut open, and contained nothing 
esccfjt a vestige of brown tnatter whore the albumen had lain. 

Experiment 6.— A cul.>e of albumen of ^ of an inch and a piece of 
gelatine of tlie same si?*e as before were placed on a leaf, which opt-ued 
spcmtancouftly after tliirteen days. The albunnen, rvhich was twice as 
tiiick as in the latter experiments, was too large ; for tiie gland.s in 
contact with it ivere injured and were dropping off; a film also of 
albumen of a brown colour, matted with mould, was left. All tlie 
gelatiiiii was absorbed, and tliere was only a little acid seci'ctiou left on 
the midrib. 

Experiment 7 , — A bit of half roasted meat (not measured) and a 
bit of gelatine were placed on the two ends of a leaf, which opened 
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spoil U d cously iifter devoii tliysi ; a vestige of tho tso , s . left, arid 

the Burfjice of tbo leaf hero bkckttied ; the gekiUie had all dis- 
apjicared. 

£ir]yenme7it 8* — A bit of lialf roasted meat (not measuTed) was 
placed on a leaf widcti was forcibly kept o|>eti by a dip, so that it waa 
moistened with the accretion (very acid) only on its lower surface. 
Xeverthelcsfl, after only 22^ hrs.it was aiirpiisingly sof ten ed, when 
compared with another bit of the same meat whidi had be^n kept 
dainf). 

Ji-xperiment 9. — A ciiba of ^ of an inch of very compact roasted 
beef Avas placed on a leaf, wbicn opened spntaucously after twelve 
dsva; so much feebly add secretion was left on the leaf that it trickled 
oK The meat was completely disintegrated* but not all dissolved ; 
there was no mould. Tlie little mass ivas plac^ under the niicroscoizie ; 
some of the fibrilla> in tVm middle still exhibited transverse striaj; 
others shoAved not a vestige of striae ; and every gradation could be 
traced betAvecn these tAvo states. Olobules, apparently of fat* and some 
undigested ti tiro-elastic tissue remained. The njeatV-as thus in the 
fame state as that formerly described, which was half digested by 
Drosera. Ilercs again, as in the case of albumen, the digestive process 
sterus slower than in Drosera. At tl]c o]>posite end of the same leaf, a 
fimily ooni pressed iwllet of bre^jd had been placed ; thisAvas completely 
disintegrated, I suppose, owing to the digestion of tho gluten, but 
seemed very little reduced in bulk. 

Experimeul 10.‘ — A cube of ^ of an inch of cheese and another of 
albumen Aveie placed at opposite ends of the same leaf* After nine 
days The lobod opened s].toutnncously a little at the end enclosing the 
cbeeae* but hardly any or none was dissolved, though it was softened 
and surrounded by secretion, Twtj days: eub«e<iUently the end with 
the albumen also ojwned s]xmtaneously {Le. eleven days after it Avas 
put on), a mere trace in tho blackened and dry condition being left. 

ExperCmant 11. — Tho same experiment Avith cheese and albumen 
repeated on another and rather torpid It-af. I'he lobes at the end Avith 
the ebeese, after an interval of days, opened BjXfntaneously a litik; 
the cube of cheese was much softened, but not dissolved, and but litrle, 
if at all reduced in siko. TavcIa-c hours afterAvards the end with the 
albumen opened, Avhich noAv consisted of a large drop of transparent, 
uot acid, viscid fluid. 

Experiment 12,— SiAme experirciicnt as the two last, and here 
again tho leaf at the end, enclosing the cheese opened before the oppo- 
site end Avitli the albumen; but no further observations Avere made. 

ExperiTnent 13.^ — A globule of chemically prepared casein, about 
of an inch in diameter, Avas placed on a leaf, Avhich si'jontaneously 
opened after eiglit days, 'J’lie ca^^ein noAv consisted of a soft siicky 
Diass, very little, if at all, reduced in size, but bathed in acid secretion. 

Thofie experiments Are snflicient to show that the Rccretion 
from the glands of Diontea dissolves albumen, gelatine, and 
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meat* if too large pieces are not given. Globules of fat and 
fibro-elastic tisane are not digested. The Hccretion, with its 
dissolved matter, if not in excess j is subsequently absorbed. 
On the other hand^ although ehemically prepared casein and 
cheese (as in the case of Drosera) excite much acid secretioin 
owing, I presume, to the absorption of BOtne included 
albuiiiiiious matter, these substance a arc not digestod, and 
are not appreciably, if at all, reduced in bulk. 



Ejfectsqf the Fa/wwrs 0 / Sulphuric Eth^r, and lIpdro~ 

cyctnic Acid.^A plant liearing one leaf waa introcUiced into a large 
lintEle with a drachm (3 -549 c,c.) of clibrpfi>rra, the niouth being irn^ 
^>ei-fectly cIobc^I with, cotton- wool. Tlie vapour cau^ iu 1 m. the 
lobes to begin moving at an iuijierceptibly bIc^v rate; hut in 3 ra. the 
spikes crossed, aTid the leaf was Roon completely shut, d"he dose, 
how'ever, much too large, for iti between 2 and 3 hrs, the leaf 
appeared os if burnt, and Boon dieih 

lbv(j leaves were exiiuseJ for 30 m. in a 2hjz. vessel to the vapour 
of 30 minims (1 'TTl: c.c.) of sulphuric ether* One leaf closed alter a 
time, as did the other ivhilst being removed from the vessel without 
being ttniched. Both leaves were greatly injured. Another leaf, 
exposed for 20 m. to 15 mi aims of ether, closeil its lobes to a certain 
cxteait, aiid the peusitivo filEimcnts now quite inBcnsihlc. After 
24 hrs, this leaf recovered its seiisiViility, hut was still rather torpid. 
A leaf exposed in a large Ixitde for only 3 m, to ten drops wvis 
rendered iiisensible. After 52 m. it recovered its Bcnsibility, aricUvhen 
one of the filaments was touched, the lobes closed. It began ti> 
reo|>en after 20 hrs, LjisUy another leaf was exposed for 4 ni, to only 
four droi>s of the ether ; it was sendeied in&crisibtc, and did ll^^t close 
when its filaments were rrpjeatedlv touchtui, but closed when the end 
of the open leaf was cut off. This show's either that the internal 
parts had not Vteen rendered insensible, or that an iudyion is a more 
powerful stimulus than repeated touches on the filamentfl. Whether 
the larger doses of chloroform and ether, which caused the leaves to 
close slowly, acted on the sensitive filaments or on the leaf it&elf, I do 
not know. 

Cyanide of potassium, when left in a Iwttlo, generates prussic or 
hydrocyanic acid, A leaf wiis exyjosed fur 1 hr. 35 m, to the vapmr 
thus forrrsed ; and the glands became within this time so colcuirlessi and 
shrunken ns to be scarcely visible, and I at first thought that they had 
all dropped off. 'I’he leaf was not rendered inseusihle ; for as aotm as 
one of the filaments was touched it closed. It had, however, suffered, 
for it did not reopen until nearly two days had pjossed, and u'os not 
even then in the least, sensitive. After an additional day it recovered 
its powers, and closed on being touched and subsequently re-tqwned. 
Another loaf lichaved in necirly the siune manner after a shorter 
exposure to this vapour. 
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On the Manner in <iE]tkli Insects are will now 

<^oii eider tlio action of the ioavos Tvhon insocta iiappon to 
touch one of the seuaitive filatnenta. This often occiurred in 
my groenlioiiee, hut I do not know whether lusoote are 
attracted in any sj^ccial way hy the leaves. They are caught 
iu largo mmihers by tho plant in its native etjuntry. As 
Hooii a^ a filament is totiohed, both close with astoniehing 
quickness ; and as they stand at less than a right angle to 
each other, they have a good chance of catching any intruder. 
The angle between the blade ami footstalk does not 
change when the lobes close. The chief seat of movement is 
near tho midrib, but is not confined to this part; for, as the 
lobes come together, each curvea inwards across its whole 
breadth ; the marginal spikes, however, not becoming curved.* 
This movement of tho whole lobe was well seon in a leaf to 
which a largo fly had been given, and from which a large 
portion had heen cut off the end of one lobe ; so that the 
opposite lobe, meeting with no resistance in this part, went 
on curving inwards much beyond the medial line. The 
whole of the lobe, from which a portion had been cut, was 
afterwards removed, and the opposite lobe now curled 
■completely over, passing through an angle of from 120® to 
so as to occupy a posit iou almost at right angles to 
that which it would have held had the opposite lobe been 
puesent. 

From the curving inwards of the two lobes, as they 
move towards each other, the straight marginal spikes inter- 
cross by thoir tips at first, and ultimately by their bases. 
The leaf is then, completely shut and encloses a shallow 
■cavity. If it has boon made to shut merely by one of tho 
sensitive filaments having been touched, or if it includes an 
object not yielding soluble nitrogenous matter, the two lobes 
retain their inwardly concave foiTn until they re-expand. 
The re-expansion under thoso circumstances— that is when 
no organic matter is encloeod — was observed in ten casee. 
In all of those, the leaves re-expanded to about two-thirds 
of tho full extent in 24 hrs. from the time of closure. Even 
the leaf from which a portion of one lobe had been cut off 
opened to a slight degree within this same time- Iu one 



• [Muiik (Reic^iert and Du fit th<s edge of the leaf, bj w^lch _i]ie 

IleyinonJ’A ‘Arebiv'Z 187G, p. 108) UHh file carried mwardB.—b. lAJ ^ 

stiitoi that a upetjiB,! niovctneirt occurs - - 
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cafiG a leaf re expanded to about two-tliirds cif tho full estent 
m 7 liTs,, and completely in 32 lirs. ; bnt one of its filamenta 
Lad been toiicLed merely with a liair just enough to cause 
tLo leaf to close. Of these ten leaves a few re-ex pantled 
completely in less than tw^o days^ and two or three required 
even a little longer time, Before, however, they fully 
re-oxpand, they aro iG^dy to close instantly if their aenBitivo 
filaments are touched, flow many times a leaf is capable 
of shutting and opening if no animal matter is loft enclosed, 
I do not know ; hut one leaf was made to close four times, 
reopening aftorwarda, within six days. Ou the last occasion 
it caught a fly, and then remained closed for many days. 

This pow'er of reopening quickly after tho filaments havo 
been accidentally touched by blades of gtii as, or by objects 
blown on tho leaf by the wind, as occasionally happens in its 
native place,* must be of some importance to tho plant; for 
as long as a leaf remains closed, it cannot of course capture 
an insect. 

When the filamentB are irritated and a leaf is made to 
shut over an inseeb a bit of meat, albumen, gelatine, casein, 
and, no doubt, any other substance containing soluble 
nitrogenous matter, the lobes, instead of remaining concave, 
thus including a concavity, slowly press closely together 
throughout their wdiolo breadth. As this takes pdace, tho 
margins gradually become a little everted, ho that tVm 
spikes, which at first intercrossed, at last project in tw-o 
par all td rows. The lobes press against each otlicr with such 
lorce that I have seen a cube of albumen much flattened, 
wdth distinct impreKsions of the little prominent ghinds ; hut 
this latter circumstance may have been partly caused by tho 
corroding action of the secretion. So firml^^ do they b'^ome 
pressed together that, if any largo insect or other object has 
hcen caught, a corresponding projection on the outside of the 
leaf is distinctly visible. U hen the two lobes are thus 
completely shut, they resist being opened, as l>y a thin 
w'cdge being driven betiveen them, with astonisliing force, 
and are geneially ruptured rather than yield. If not 
ruptured, tliey close again, as Dr. Can by informs me in a 
letter, “ with quite a loud flap," But if the end of a leaf is 
held firmly between the thumb and finger, or by a clip, so 



* AccorJingto Dr. Curtis, in ‘ Journal of Xat. llEstJ vol. i. 1337, 
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that th?) lobes cannot be^m to dose, they exort, whilst in 
this position^ Tciy little force^ 

I thought at first that the gr^idual presBing together of the 
lobes was caused exclusively by captured insects crawlincr 
over and repeatedly irritating the sensitive filaments; and 
thi.? view seeniod the more probable ^vhen I learnt from Dr* 
Burden Sanderson that whenever the filaments of a closed 
leaf lire irritated, the normal electric current is disturbed* 
Nevertheless, such iiuitation is by no means neoessarv, for a 
dead insect, or a bit of meat, or of albumen, all act equally 
well; proving that ill these cases it is the absorption of 
animal matter which excites the lobes slowly to press closo 
together. We have peen that the absorption of an extremely 
small quantity of such matter also eauses a fully expanded 
leaf to close slowly ; and this muvoment is dearly auaiogmis to 
the slow pressing together of the concave lobes. This latter 
action is of high functional importance to the plant, for the 
glands on both sides are thus brought iuto contact with a 
c!;pturcd insect, and consequently secrete. The secretion 
with animal matler in solution is then drawn by capiliarv 
attraction over the whole surface of the leaf, causing all the 
glands to secrete and allowing them to absorb the diffused 
animal matter. The moTemout, excited by the absorprion of 
such mar teiv thong h slow, suffices for its final puriijoee, whilst 
the movement excited by one of the sensitive filaments being 
touched is rapid, and this is indispensable for the capturing 
of insects. Tfieso tw^g movenientif, excited by two such 
widely difficrent means, are thus both w ell adapted, like all the 
other functions of the plant, for tho purposes wdiich they 
subserve. 

There is another wdde diffeienco in the action of leaves 
which enclose objects, such as bits of wood, cork, balls of 
paper, or which have had their filaments merely touched, 
and those which eucloso organic bodies yielding soluble 
nitrogenous matter. In the former case tho leaves, as wo 
havo seen, open in under 24 hrs. and are then ready, even 
before being fully expanded, to shut again. But if they 
have closed over nitrogen-y^ielding bodies, they remain 
closely shut for many days; and after ro-expanding are 
torpid, and never act again, or only after a considerable 
iuteiwal of time. In four instances, leaves after catching 
insects never re-opened, but began to wither, remaining 
closed — in one case for fifteen days over a fiy^ ; iu a second. 
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for twenty 'four flays, tliou^li the fly was tmall ; in a third 
lor twenty-four days over a w^oodlciise ; and in a fourth, for 
thirty-fivo days over a lari^e 'll pula, Jn, two other cases 
leaves rcmaiued closed for at loaHt nino days over flies, and 
for how many more I do not knoAv, It should* lio waver, be 
lidded that in two instances in ■which very small insects had 
been uatimilly caught the leaf opened as quickly as if 
nothing had heen caught ; and I suppose that this waa due 
to such small insects not having been crushed or not Laving 
<.‘vcreted any animal matter, so that the glands wore not 
excited. Sniall angular bits of albumen and gelatine ivero 
placed at both ends of three leaves, rwo of which remained 
closed for thirteen and the other for twelve days. Two 
other leaves reiufiined closed over Id Is of meat for eleven 
days, a thiid leaf for eight days, and a fourth (but this had 
l>een cracked and injured) for only six days. J5its of cheese, 
or casein, were placed at one end and albumen at the other 
end of three loaves ; and the ends with the former opened 
after six, eight, and nine days, whilst the opposite ends 
opened a little later. Kone of the above hits of meat, 
albumen, itc., exceeded a ctilie of of an inch (2^54 mm.) 
in sIkc, and were sometimes smaller ; yet these Bmall portions 
sufficed to keep the leaves closed for many days. Dr. Canhv 
informs me that leaves remain shut for a longer time over 
inaocts than over meat ; and from what I have seen, I can 
w^oll believe that tins is the case, especiEilly if the insects are 
large. 

In all the above cases, and in many" others in wdiich leaves 
remained closed for a long but unknoivn period over insects 
naturally caught, they were more or less torpid when they 
Te-openod. Generally they" ivero so torpid during many 
succeeding day"s that no excitement of the filaments caused 
the least iiiovoment. In one instance, however, on the day 
after, a leaf opened w'hicli had clasped a fly , it closed with 
extreme slow’iies-s W'lien one of its filaments was touched; and 
although no object was left enclosed, it w^as so torpid that it 
did not re-open for the second time until 44 hrs. had elapsed. 
In a second case, a leaf which had expanded after reinainiog 
closed for at least niiio days over a fly, w"hon greatly irritated, 
moyed one alone of its two lobes, and retained this uu usual 
position for tho next t\v "0 days. A third case oftbrs the 
strongest exocptlun w^hicli I have observed; a leaf, after 
icmaining clasped for an unknown time over a fly, opened, 
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ai^d when one of its filanientg was touched, closed, tliou'^li 
rather slowly. Dr. Oanhy, who observed in iho United 
iSUtes a large number of plants which, alihougb not in their 
native site, were probably more vigorous than my plants^ 
iiiformB mo that he has "several times known vigorous 
leavt^e to devour their prey several times ; hut ordlna rily 
twice, or quite often, onoe was enough to render them 
“rmscrviceablef’ Jfre. Treat, who cultivated many plants in 
Xew^ Jersey, also informs me that “several leaves cautTht 
successively three insects each, hut most of them were not 
ahlo to digest tlie third fly, but died in the attempt. Five 
leaves, how ever, digested each three flies, and closed over the 
fourth, but died soon after the fourth oaptuie. Many leaves' 
did not digest even one large insect.” It thus appeai-s tlmt 
the pmver of digesiion is somewhat limited, and it is certain 
that leaves always remain clasped for manv days over an 
insect, and do not recover their powder of closing again for 
many subsequent days. In this respect Dion am differ a from 
Drosera, which catches and digests many insects after shorter 
intervals of tinm 

We are noiv prepared to understand the use of the tnar^ 
ginal spikes, wdiich form so conspicuous a feature in the 
appearance of the plant (fig. 12, p. 232), and which at first 
seemed to me in my ignorauce usele^s appendagee. From 
the inward curvature of the lobes as they approach each 
ether, the tips of the marginal spikes first intercross, and 
tiltimalcly their bases. Until the edges of the lol>e3 come 
into contact, elongated spaces hetw'een the spikes, varying 
from the to the of an inch (DG93 to 2" 540 mm.) in 
breadth, according to the size of the leaf, are left open. 
Thus an insect, if its body is not thicker than these measure-' 
nients, can easily escape between tho crossed spikes, w^hen 
disturbed by the closing lobes and increasing darkness; and 
one of my sons actually saw a amall iuscct thus escaping, 
A moderately large insect, on the other liaiid, if it tries to 
escape between the l>ara will surely be pushed hack again 
into its horild prison with closing walls, for the spikes 
continue to cross more and more until the edges of the lobes 
come into contact, A veiy strong insect, how'ever, would bo 
able to free itself, and Mrs. Treat saw^ this efiected by a 
rose-chafer (^MacrodaH^lus suhifpinosus) in the United States. 
Now it would manifestly bo a giyat disadvantage to tho 
plant to w'aste many days in remaining clasped over a 
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minute ineect^ atnl several adflltional days or ivetlts iu 
afte^\VH^rda recovGring its sensibility; initsmiich as a minii^o 
insect would afford but little imtrimont. It would bo far 
better for the plant to wait for a time until a nioclerately 
large iuscct was captured^ and to allow all tho little ones to 
escape ; and 5 his advantage is seonrod by the slowly inter- 
crossing uiaTginal spikes, which act like tho largo ujcshcs of 
a fishing-net, allowing the small and usolos^s fry to escape. 

As I was anxious to know whether this view was correct — 
and as it seems a good illustration of how cautious we ought 
to be in assumingj as I had done with respect to the marginal 
spikes, that any fully developed structui'e is useless— I 
applied to J)r. L^anby* Ho visited the native site of the 
plant* early in the season, before tho leaves had growTi t-> 
their ftill tii^e, and sent me foiirtceu leaves, containing 
natni-filly capturenl insects. Four of these had caught rather 
small in^ect3, vis:, three of them ante, and the fourth a rather 
small hy, but the other ten had all caught large inaects* 
namely, tivo ehiterE, two chvyrtomelas, a cuiculiOj a thick and 
broad spider, and a seolopoiidra. Out of tbese ten iiiBccts, 
no less than eigliit ivcro beetles,* and out of the whole foui- 
tcen there was only one, vik. a dipterous insect, which could 
readily take flight. Drosexa, on the other hand, lives chiefly 
on insects which are good flyers, especially DipteiUs caught 
by tho aid of its viscid secretion. But what most concerns 
us is the eizo of the ten larger insects. Thoir average length 
from head to t£ul was "25d of an inch, the lobes of the leaves 
l>oing on an average of an inch in Jengtlj, so tliat the 
insects were very nearly half as long as tho leaves ^vithiu 
which they wore eiicloBcd. Only a few of these leaves, 
therefore, had wasted their powers by capturing small prey, 
though it is probable that many small insects bad crawled 
over them and been caught, but had then escaped througli 
the bars. 

Th: 1 'i-ansmis$ion fl/ the Motor Impulse^ and Wieana of jlfore- 



* Dr. Canby remnrti (* Cairilen tr^s 
Jlonthly,* Aug. 1368), a pentral 
thing beetles atti itiswcUtif that kind, 
thou alw£iv9 killed, aooni to In; 
too hard-she] 1*1.1 to serve Eia food, 
AiiJ aftoT a short ttma are rejected/* 
I am surprised ut this statcinont, at 
least ivith rei^pect to such beetles as 



elaters, for the five Ti'hich I e^camineHl 
were in ao exlremclff fragile and 
&m|ity condition, as if ail their in- 
ternal parts had been prtially di- 
gested, Mrs. Treat informs it>fi that 
the plants which she cuHivatetl io 
Xew Jersey chieily caught Dipt era. 
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Ciur. Xlirj TiiAXSJIISSIOX OF MOTOU IMPULSE. O53 

m«n/,— It is siifiicieiit to toiicli any ono of the bit 
CHUSO both lobes to close, these heoomins at the Banie f * 
iacTirved throughout their ,vhole brea<rth. tL bT» h “ 
must therefore radiate m all directions from any ouc filament 
It must also lie transmitted with iimcL rapiditv across th 
leaf, for in all ordinary cases loth lol.es dose simnltaneouslv 
as Ihr as the eye can judge. Most physiologists believe thft 
m irritable plants the excitement is transmitted alone or in 
close eoimeotion with, the iibro-vascular bundles. In IMonrea 
the course of these vessels (composed of spiral and ordiuarv 
vascular tissue) acorns at first sight to favour this belief- for 
they run up the midrib in a great bundle, sending off small 
bundles almiMt at right angles on each side. These bifurcate 
occasionally as they extend towards the margin, and close to 
the margin small branches from adjoining vessels unite and 
enter the marginal spikes. At some of these points of union 
the vessels form curious loops, like those described under 
Jb-osera. A coutiiinous zigzag lino of vessels thus runs 
round the whole circumference of the leaf, and in the midrib 
all the vessels are in cl^e contact ; so that all parts of the 
leaf se«n to he brought into eeme degree of couimnnication. 
Nevertheless, the presence of vcsscIb is not necessary for the 
traEsraission of the motor impulse, for it is transmitted from 
the tips of the sensitive filaments (those being about the A 
of an inch iu length), into which no vessels enter ; and these 
couM not havg been overlooked, aa I made thin vertical 
ijedionB of the leaf at the basee^ of the fi.1 amenta. 

On fleveial occafeious, slit^ about the of an inch in length 
were made with a lancet, close to tho bases of the filaments, 
pamllel to the midrib, and, therefore, directly acroRs tho 
course of the vessels. These were made sometimes on tho 
inner and sometimes on the outer side of the filaments; and 
after several daya^ when tho leaves had loopencd, these 
Tilameuts w’erc touched roughly (for they wore ahvayw ren- 
dered in some degree torpid by the operation), and the lobes 
then closed in the ordinary, manner, though slowly, and some- 
times not until after a conaiderablo interval of time. These 
cases show that thu motor imjiulse is not transmitted along 
the vessels, and they further show tliat there is no necessity 
lor a direct line of coniniunication from the filament which 
is touched towards the midrib and opposite lobe, or towards 
tho outer parts of the same lobe^ 

Two slits near each other, both parallel to tho midrib, 
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Avero next madtj in the Tuanner as beforo, one on each 
fiiJo of the base of a filament^ on five distinct loavea, so that 
a little slip l>earing a filament Avas connecteil Avitli the rest 
of the loaf only at its tA\"o ends. I'hese slips Avere nouxly of 
the fiamo size ; ono Avas carefully meaBiired, ; it was *12 of an 
inch {3*04& mm.^ in length, and 'OS of an inch (2*032 mm.) 
in breadth ; and in the middle stood the filament, Only one 
of these slips AA*ithered and perished. After the leaf had 
recoA*ercd from the operation, though the slits AA^ero still 
open, the fdaraents thus circumstanced AA*ere roughly touched, 
and both lobes, or one alone, slowly closed. In two instances 
touching the filament produced no effect ; but AA*hen the 
point of a needle Avas driven into the slip at the base of ihe 
filament, the lobes slowly closed. Now in those cases the 
impulse must ha v'o proceeded along the slip in a lino parallel 
to the midrib, aiKl then haA'ei radiated forth, either from both 
ends or from on© end alone of the slip, oA*©r the AV'holo surface 
of the tAvo lobes. 

Again, tAvo parallel slits, like the former ones, Aver© made, 
one on each side of the base of a filament, at right angles to 
tlio midrib. After the leaves (two in number) bad recovered, 
the filaments wore roughly touched, and the lobes slowly 
closed ; and here the impulse must have traA'ellcdfer a short 
distance in a line at right angles to the midrib, and then 
ha Am radiated forth on all sides over both lobes. Theso 
several cases prove that the motor impulse travels, in all 
directions through the CLdlular tissue, indcpondently of th© 
com*se of the vciisela. 

With Drosera avo haA*o seen that the motor impulse is 
transmitted in like manner in all directions through the 
cellular tissue; but that its rate is largly governed by th© 
length of the cells and the direction of their longer axes. 
Thin ^sections of a leaf of DienBca Avere made by my son, and 
the cells, both these of tlic central and of th© more superficial 
layei-s, were found much elongated, Avith Ihcir longer axes 
directed toAvarda the midrib; and it is iu this direction that 
th© motor impulse must bo sent with groat rapidity from one 
lobe to the other, as both close simulfemeo-usly, I'he central ‘ 
parenchymatous cells are larger, more loosely attached 
together, and haA*e more delicate Avails than the more super- 
ficial cells, A thick mass of cellular tissue forms th© upj>er 
surface of the midrib over the great central bundle of 
vessels* 
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AVhen the filaments woio roughly touched, at the haec., of 
whicli shta hiul been made, either on both si, lee or on one 
side, parallel to the imdnb or at right angles to it the twe 
lobes, or only one, moved. In one of these cases, ’the lobo 
on tlie side which bore the fllanient tlmt was touched moved 
but 111 three other cases the oijposito lobo alone moved ■ ro 
that an injury which was sufficient topi-evcilt a lobe movim. 
, lid not prevent the tiaiismissioii from it of a stiiiinliis which 
excited tlio opposite lobe to movo. We tlins also leam tliar 
iiltbough normally both lobes move together, each Jjaa tliJ 
])Ower of indepeiulont moveitieiit. A case, indeed Ins 
already been given of a torpid leaf that had lately re-opened 
after catching an insect, of which one lobe alone moved when 
irritated. Moreover, one end of the eamo Jobe can close md 
rc-expand, indopendeatly of the other end, as was seen in 
some of the foragoing experiments, 

\Vhen the lobes, which are rather thick, close, no tmee of 
wrinkling can be seen on any part of their upper surfaces 
It appears therefore that the colls must contract. The chief 
seat of the movement is evidently in the thick mass of cells 
which overlies the central bundle of vessels in the midrib 
To ascertain whether this part contracts, a leaf was flistened’ 
on the stage of the microscope in such a manner that tlio two 
lobes could not become quite shut, and having made two 
niinute black dots on the midrib, in a transverse line and a 
little towards one side, they were fonuJ by the micrometer 
to be of ail inch Eipavtr One of the filfiuientH wae then 
touched and the lobes olo®ed ■ but as they wem prevented 
fn:>ni meeting, 1 could .stdl see the two dots, which now wero 
TowofiVTi inch apart, so that a small portion of the upper 
surface of the midrib had contracted in a transverse lino Tirnri 
of an inch ( 0508 mm.> 

We know that tlio lobes, whilst closing, become slightlv 
incurved throughout their whole breadthp This movement 
appears to be due to the contraction of tlie snperiicial layers 
of cells over the whole upper Hiirfhce. In order to observe 
their contraction, a narrow strip was cut out of on© lobe at 
right angles to the midrib, so that the surface of tho op^xseito 
lobe could be seen in this i>a,rt when the leaf was shut* 
After the leaf had recovered liom the operation and had rc- 
e?tpanded, three minute black dots were made on the surface 
opposite to the slit or window, in a lino at right angles fo 
the midrib* Tho distance between tho dots aa found to he 
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of an inch, ko tliat fho two extremo dots woro of 
nn inch apart. One of tlio filaments was now touched aud 
the leaf closed. On again tncasurinf:^ the distances l>etwoeii 
the dots, the two next to the midrib were nearer together 
by of an inch, and the two fur ther dots by of an 
inch, than they w^ere befuxo ; so that the two extreme dot* 
now stood about tuVir hich ('127 lum.) nearer together 

than before. Jf we supposo the whole upper surface of the 
lobe, which wna ’,V<hp <^f “ich in breadth, to hare con- 
tracted in the same proportion, tho total contraction will 
have amounted to about or of an inch (-635 mm.) ; 
but whether this is aufficient to account for the slight inward 
curvature of the wLolo lobe, I am unable to say,* 

Finally, w ith respect to tho movement of the leaves the 
W'Onderful discovery made by Dr. Durden Sandersonf is now' 
universally known ; namely that there exists a normal elec- 
trical current in tho blade and footstalk ; and that ivhen the 
leaves are irritated, the current is disturbed in the same 
raaniier as takes place during the contraction of the muscle 
of an aniiuaL J 



* [BataliTi h;ia discussed 111 ft rie- 
clianfdm of closure in Dloaipu in his 
interoBting ebb^ay in * Flora,' 1877. 
He in with tlio 

meuts above giveu, but as in the cfise 
of Drosera, so here he believes that 
the movements are associated with a 
small amount actual groivth. 
Marks are made on tho lower or 
eixiettial surface of the leaf, and tlie 
distance between them is found to 
iucrease when the leaf clcaea. Wheti 
the leaf opens the distance docs not 
perfectly return to iM former dimeu- 
ftione, ami tluis shows a certain 
amount of permanent grow'th has 
taken place. It will be seen that 
Batalin’s ub3«rv,'^tiolis do not sup|>ort 
the idea (see 268) thnt the re-open- 
ingof the leaf is due to the return of 
the outer celli to their natural siz-e 
when the tension put on them by tho 
H 'ODtraction of the inner surfaea is re- 
moved. Monk (fotr. Ci(.) and I'feffer 
Osuiotische Untersuchungen/ 1677, 
p, 190} have with justice tailed at- 
tention to the unsatisfactory nature 



of the discussion in the teit on the 
mechanism of the movement. Eatml in 
shows further that the ultimate 
closure of the leaf by wdiich the two 
viilvei arc closely pressed together is 
ejected by the shortening or con- 
ti'actioti of the outer surface of the 
leaf. He records a * urions fact which 
has not elsewhere l.»een noEed, uamely, 
that the midrib becomes more curved 
after the closure of the leaf. Muuk 
(BeiclierE^ and Du Bois-Iieymonil, 
* Arohiv/ 1876, p* 121). on the other 
hand, is inelined to believe that the 
curvaixire of the midrib diniinishe* 
when Lbe leaf closes. — K. D.] 

t 'Froc^ Royal Soc.* voU isi. p. 
49,'j * and lecture at the Royal In- 
stitution, June 5, 1874, given in 
'Nature,^ 1S74, pp. 105 add 127. 

t [Frofeasnr SanJeriion’s work haa 
been criticised by Professor Munk ia 
Reichert and Du iSob-Revirmnd'i 
^Archir.’ 1876, and by Professor 
Kunkel in Siachs* ^Arbeiten a* d. 
bot* Institnt in Wilaburg,' BJ. ii p. 1- 
Frid'essor Sanderson has cODtinued 
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work at the subject, and has gireu 
his reiultH in ati ftlaborate pajier tu 
‘PhiL Trausacthma,' 1BJS2. It will 
bo BUfficient to note hia cnncluslous 
with regard to the two pointa men- 
tioned in the test. Fii-st, for the 
«teetrioa1 condition of the leaf nt reat. 
SanJej’aon rejects Munk’s methtui of 
cxplaiaiDg the state of the leaf by a 
tnechank'A] — an arrHiig'eraonit 

of copper and zinc cjlimlers. He does 
go, not only because ho aoceptB^'^ns 
faniiamontal the doctrine that what- 
ever physiological properties the Jenf 
|jOBsesses, it posseiHOs by Firtuo of its 
being a system of living oells;^* bnt 
also becAuie the facts of the case are 
not in accordance with ?rofetoor 
^^unk’s theoretical dednctiotis. Ho in- 
clines to admit that the electrical 
diffeieoees observed between didereut 
]>arts of the uneicited leaf ina}' be 
partly explained by the inigrAtion of 
water* For on the one hand wo know' 
that in consequence of the surface 
eriporation, migrAtion of w-ater cer- 
tainly cii&ta, while on the other we 
have proof in the OAperimenta of Dr. 
Kunkel that such tnigratiou cannot 
occur Without pnalncing electrical 
differences.”' In a similar wav he is in- 
dincd to believe that the gradual elec- 
tfical change resulting from repeated 
excitation, as well nis the after effect of 
a sijvfte excitation, are to be explained 
by migration of water acccmpatiyiog 
tlie motion ot the leaf* On the other 
hand he believes thnxt tho jirimary, 
®U!i rapidly propagated elect ricnl 
dislarbauce w'hich is the immcLliate 
effect of excitation cannot be due tc 
Water-migration, but that it is the 
expresEion of molecular changes in 
the protoplasm of the leaf. I'rof. 
Sanderson takes occasion to correct 
the impression produced by certain 
expressions in his lecture at the Koyal 
lastitutioji in 1874. Prof. Munk, 
among others, seema to have believed 



that Professor Sanderson cUimvd 
tihsoIuU identity between muscnlir 
action ani the movement of the leaf 
of fJjona?a. It need hardly be stated 
that no such implication was intended 
by Prof Sanilerson ; the view which 
he held in 1874 he EtilJ adheres to, 
niimely, that the rapidly propagated 
nmlecular change in an exciteii Dion^i 
leaf can only be identified with the 
Mr responding process in theexdUble 
tissues of animals. 

Certain unpublished researches 
made during the last two yeera have 
led Pi-ofessor Sanderson to extend hts 
views isi the direction above indicated, 
and to conclude that the “leaf- 
current,*’ t.e. the electrical diFerence 
helxTcen the up|ieT and lower surfecea 
of the leaf, is intimately connected 
with the physiological conditions of 
that part of the Upper surface from 
which spring the sensitive ff laments: 
thus it will [irobably be eslahliihed 
that the “ Jeafncurtent*' and the ex- 
citatory disturbance are difflsreiit 
manifestations of the same propertx', 
Fr<im measurements made with his 
Kheotnme, of six carefully chosen 
leaves, t si ken from vigorous plftnt^i 
(Aug. 1887), PrufesKr Sunderfoa 
found that the electrical disturbance 
productni in one lobe by stimulation 
of the other by an induction current, 
begins in the course of the secoail 
tenth of a semnd following the ex- 
eitatiuiL. In live out of the six leaves 
no effect was perceptible during the 
lirst tenth. If w'e assume that the 
distnnee travelled by the disturbaDce 
U one centimeter, this girai UK) 
mUitmeferit |wr seoofuf as the rate of 
projtagation. This, as Profiasor iSin* 
derson has pointe<il out, happens to be 
just abont the rate of propagation of 
the excitatory elcctricm dUturhaiice 
in the rrmscular tissue of the heart of 
the frtpg. — F. ihj 

• NutUll, in his ^{jetu Ameritoa 

S 
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Olio lolie call re-ex pan rl by itself, as occnrre<i with the torpid 
leaf of which one lolic alone had closed- Wo liavo also seen in 
the experiineiits with clieesc aud alhtiineri that tlio two ends of 
the Hame lobe can re-expand to a certain extent iiidopendeiitlj 
of ouch other* But in all ordinary cases hotVi lobes open 
at the same time. The TC-expansion is not determined by 
the seiiBitive tihinicntsi all three filaments on one lobe wore 
cut ofl' close to their bases ; and the tinee loaves thus treated 
re-expanded — ono to a partial extent in 24 lirs., — a second to 
the same extent in 48 hrs,,— and the third, which had been 
previously injm-ed, not until tho sixth day. These leaves 
after their re-expansion closed quickly when the filaments on 
tho other lobe were irritated. These were then cut off one 
of the leaves, so that none were lefL This mutilated leaf, 
notwithstanding the loss of all its filaments^ re-expanded in 
two days in the usual manner. When the filaments have 
been excited by immersion in a solution of sugar* ilie lobes 
do not expand so soon as when tho filaments have heen 
merely touched ; and this, I presume, is due to their having 
been strongly affected through exosmose, so that they con- 
timie for some time to transmit a motor impulse to the upper 
surface of the leaf. 

The following facts make me believe that the several 
layers of cells forming the low'cr surface of the leaf are 
always in a state of toiiaiou; arid that it is owing to this 
mechanical state, aided probably by fresh fluid being 
attracted into the cells, that the lobes begin to soparctte or 
expand as soon as the contraction of the upper surface 
diminishes. A leaf was cut off and suddenly plunged 
perpendicularly into boiling water: I expected that the 
lobes would have clogedi but instead of doing so, they 
diverged a little. I then took another fine leaf, with tho 
lobes standing at an angle of nearly 80'^ to each other; aud 
on immonsing it as before, the angle suddenly increased to 
90^. A third leaf was torpid from having recently re- 



riants,’ p. 277 (dote), say* thftt, 
wliiht collecting this plant in its 
native hetne, ** 1 had tPCfiiLsion to ob- 
aerve that a detached leal" wotili 
make repeated eirorts toAvank dis- 
dosiiij^ ifseif to the influ^-nce of the 
fit! a; thcs& attempts cociisted in an 
undulatory mot ten cf the maTginnt 



cilia?, necompnniedi by a partial open- 
ing and succeeding collapse of the 
lamina, which at iength tenth natea 
in a complete espansicn anti in the 
destruction of seni^ibility.” 1 
indebted to Prof. Oliver fttr this 
reference; but I do uot undcrS'taBd 
wbftt took place. 
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expAn<lca after having caught a fly, so that repeated touches 
of the 111 aments cansotl not the least movement ; nevoitheleag 
when similarly immersed, the lobes separated a little* As 
these leaves wore inserted perpendicularly into the hoiling 
water, both surfaces and the filaments ixraet have been 
equally affected i and T can understand the divergence of the 
lobes only by supposing that ihe colls on tbo lower side, 
owing to their state of tension, acted niechanically and thiig 
suddenly drew the lobes a little apart, as flocn aa the cellB on 
the upper surface were killed and lost their contractile power. 
We havo seen that boiling water in like manner causes the 
tentacles of Drosera to curve backwards ; and this is an 
analugoua movement to the divergence of the lobes of 
Dionuia. 

In some concluding remarks in the fifteenth chapter on the 
Dfoscracese, the different kinds of irritability possessed by 
the several gonera, and the different manner in which they 
capture iusoetj;^, will l>e compared. 
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Captures (‘i-nstaceans — Structure of the leaves in ctuupariscTi wilh those of 
Diona?a — Ahsorption hy the glands, by the quadrifii pmeosses^ and point?t 
(m the infoliied mnrgius — Aidroranda vesietdom^ var. attsfraiis — Capturefl 
IJiTv — AbsarptioTi of animal mfitter — Aidrovemda tesicuiv&ctj var. rcrfjt'if/afa 
— <.yi>no1iiJing remarks. 

This plant may he called a mmiaturo aquatic Diongea. Stein 
discoveTcd in 1S73 that the "bllobed loaves, which are 
general ly found closed in Europe, open under a sufficiently 
high temperature, and, when touched, suddenly elose**^ 
They ro-expand in from 24 to 30 hrs., but only, aa it appears, 
when inorganic objects are enclosed. The leaves sometimes 
contain bubbles of air, and were fornieTly supposed to l>e 
bladders; hence the specific name of venmlma. Stein 
obRerved that water-insects w'ere sometimes caught, and 
i‘roL Cohn has recently found within the leaves of naturally 
glowing plants many kinds of crustaceans and laivge^f 
Plants which have been kept in filtered water were placed 
by him in a vessel containing numerous crustaceans of the 
genus Oypris, and next morning many were found imprisoned 
and alive, still swimming about within the closed leaves,, 
but doomed to certain death* 



* Since hia original publicaticm, 
Stein h[i!^ founi out thnt th« irrita- 
bility of the leaves wag observed by 
l>e Sassus, ns recorded In ^ Hull. Bot. 
Soe* de France,' in ISGl. Dclpinu 
states in a paper publiKhed in 1871 
(^Nnovo Glornale hot* Jtal.' toI. iii. 
p. 174) that Tina quautiti di chio<> 
cioliue e dj altri AiritnalcoSiacquatici 
arc caught and iuflbeated bv the 
leaves, 1 presume thut 
are fresh- water molluscs. It woxild 

be interest ing to know whether their 
shells arc at all corrode<l by the acid 
of the digestive secretion. 



['fhe late Professor Caspary pub-* 
lished in the ‘ B&t* Zeitungf ISS'S', 
p. 117, an elaborate paper on AJdro- 
vanda, dealiug chiefly with its morpho- 
logy, anatomy, sysitemr-itic posit ioa 
and geographical distributioxi* The 
early literature O'f the ^peoaoa is also 
fully giveo, — K. D.] 

t I am greatly indebted to this 
digiinguishetl uaturaliEt for having 
sent me a copy of his nicmyir on 
Aldrovanda, before its publication in 
hie * Beiti-ago zur Bjologje der Ptian- 
zen,^ ih'ittes Heflt-, 1875, p. 71- 
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Directly after reftiiuj; Prof. Colin's momoir, I received 
throTij^li the kiiidnosti of Dr. Ifooker living plants from 
Germany. As I can add nothing to Prof, Cohn's excellent 
description, I will give only two il lustrations, one of a 
■whorl of leaves copied from hie work, and the other of a leaf 
pressed flat open, dravvii hy my eon Francis. I will, how'- 
ever, append a few re marks on the diffeiencea between this 
plant and Dionioa. 

AldrovandtL is deatituto of roots and floats freely in the 
water. The leayca are arranged in w^horls round the atom. 
Their broad petiolca terminate in from four to six rigid 
projections,* each tipped with a stiff, short bristle. The 
bilobed leaF, wdth the midrib likewise tipped with a bristle, 
stands in the Tnidst these projections, and is evidently 
defended hy them. The lobes are forjned of very delicate 
tissue, so as to be translucent ; they open, according to Cohn, 
about as much as the two valves of a living mussel-sholl, 
therefore even lees than the lobes of Dionma ; and this musL 
make the capture of a(iuatlo animals more easy. The 
outside of the leaves and the petioles are covered w'ith minute 
two-arnie^l paplHee, evidently answering to tho eight-rayed 
papillse of Dionaea. 

Each lobe rather exceeds a scmi-ciicle in convexity, and 
consists of two very different concentric portions* the inner 
and lesser purtion, or that next to the midrib, is slightly 
concave, and is formed, according to Cohn, of three layers of 
cells. Its npj>or surface is studded with colourless glands 
like, but more simple than, those of Dionsea; they are 
supported on distinct footstalks, conaiating of two rows of 
cells. The outer and bixjader portion of the lobe is flat and 
very thin, being formed of only two layers of cclls4 dta 
upper surface duca not bear any glands, but, in their pl^, 
small {juadrifid proGea.-sea, each conaisting of four tapering 
projections, which rise from a common prominence. These 



* Ther« has been iiUich [ijetiusaioii 
by botanists wii th? homotofricjii nature 
of tJiese prujootionSv l>r. 

(* B-ot. Zeitung',' iSt.jl, |>. 14-G) believes 
that tluy correspond with the Hcn-^ 
briateJ scale’like boilieg found at the 
bases of the petioles of Drosem. 
t [Accord iug tu Coha (‘Klora/ 



1850) and Caspar j (* Bot. Zei- 
tung:," 1S59), the two layers of oells 
are^&a iMJinnbined aa to produce the 
vlteut of a am^le layer. The three 
lavera of which the central part U 
ii 3 inJe up coU-sist of external and 
iaternal epbiermic layers, and a single 

laver of Tjrire]ich>'ina. — t’. It] 

■ ■ 
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processes are formed of very delicate niemLrano lined witli a 
layer of protoplasm ; and tfiey sometimes contain agp’egated 
globules of hyaline matter. Ttvo of tbe slightly diverging 
arms are directed towards the circumfeTCtice, and twcj 
towards the midrib, forming together a sort ot Creek cross^ 
Occasionally two of the anus are replaced by one, and then 





riti, ns. 



UiijHM ’wliorl cf Ifiv™ (frtjm I'mf. CoJjt].) 

Luwtx A^rE, l^af pULtud f at open an4 great ly enJarged. 



the projection is tridd. shall see in a fiitiii'e chapter 

that these projections curiously resemble those found within 
the bladders of Utricularia, more especially of Z^triculufid 
wifjfihiiia, allhough this genus is not related to Aldrovanda. 

A nariow rim of the broad flat exterior jmrt of each lobe is 
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turned inwards, so that, wdien tlie lobes are dosed, the 
exterior suriaces of the infolded poitiona come into contact. 
The edge itself bears a row of conical, tifittcned, tr*iiisparent 
points with broad bases, lih© the prickles ou the stem of a 
bramble or Rnbus. As the rim ia infolded, these points are 
directed towards the midrib, and they appear at tlr&t as if 
they were adapted to prevent the escape of prey; l.ut this 
can hardly be their chief fimction, for they ai-e composed of 
rcjy delicate and highly flexible membrane, which can be 
easily bent or quite doubled back without being cracked. 
Nevertheless, the infolded rhns, together with the points, 
must somewhat interfere wdth the retrograde movement of 
any small creatiire, as seen as the lobes begin to close, The 
circumferential part of the leaf of Aldrovanda thus differs 
greatly from that of Bioiima ; iiru- cau the points on the rim 
he considered as homologous wdth the spikes rtmncl the leaves 
of Bioufea, as these latter are prolongations of the blade, and 
net mere epidermio productions. They appear also to seiwc 
for a w'idely difl'erent purpose. 

On the concave glaud-beariiig portion of the lobes, and 
eKpeeially on the midrib, there are numerous loTiig, finely 
pointed hairs, W'hicb, as FroL Cohn remarks, there can be 
little doubt are fiensitivo to a touch,* and, when touched, 
cause the leaf to close. They are formed of two rowa of oolls, 
or, according to Cohn, sometimes of four, and do not includo 
any vascular tissue. They differ also from the six sensiti^ o 
iilainents of Dioutea in l^ing colourless, and in having a 
medial as well as a bEisal articiilalion. Xo doubt it is owdng 
to these two articulations that, uotwithstamling their length, 
they escape being broken when the lobes dose. 

The plants which I received during the early part of 
October fn.)m Kew never opened their leaves, though sub- 
jected to a high temperature. After examining the structure 
of some of them, I experimented on only two, as I hoped that 
the plants would grow; and I now regret that I did not 
sacrifice a greater number. 

A le.af Wits cut open along the midrib, and the glands 
exaiiiiiied under a high power. It was then placed in a few 
drops of an infusion of mw meat. After 3 hrs. 20 m, there 



* [Iq ft paper in the ^ XuovO Gior- case, namelv that tht irrlUbilitv 
tialfi BotiuiitoItJiliimo/ vcl* viii. riHsiJea exvlusively m tha 

p. 62 , Man states that thh U the ghmdulnr rpgt<>n ot the le=ih— O.J 
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was no oliange, but when next examined after 23 hm. 20 m., 
the outer cells of the glandw contained, instead of limpid 
fluid, spherical maescK of a granular substance, showing that 
matter bad. been absorbed from the infusion. Tliat these 
glands secrete a fluid which dissolves or digests auimal 
matter out of the bodies of the creatures which the leaves 
capture, is also highly probable from the analogy of Diouma. 
If we may trust to the same .analogy, the concave and inner 
portions of the t^vo lobes probably close together by a slow 
movement, as soon as the glands have absorbed a slight 
amount of already soluble animal matter. The included 
water would thus bo pressed out, and the secretion conse- 
quently not be too much diluted to act. With respect to 
the qnadrifid processes on the outer parts of the lobes, I was 
not able to decide whether they had been acted on by the 
iinfusion ; for the lining of protoplasm was somewhat shrunk 
before they were immersed. JIany of the points on the 
infolded rims also had their lining of protoplasm similarly 
shrunk, and contained spherical granules of hyaliuo niatter. 

A solution of urea was next employed. This substance 
was chosen ]>art]y because it is absorbed by the quadrifid 
pioccfisea and more especially by the glands of Utricularia — 
a plant which, as we shall hereafter see, feeds on decayed 
animal matter. As urea is one of the last products of the 
chemical changes going on in tlie living body, it seems fitted 
to represent the early stages of the decay of the dead btKly. I 
was also led to try urea from a curious little fact mentioned 
by Prof. Cohn, namely that when rather large ciustaceans 
are caught between the closing lobes, they are pressed so 
hard whilst making their escape that they often void their 
sausage -shaped masses of excrement, whien ■were found 
within most of the leaves. TheKc masses, no doubt, oontain 
urea. They would be left titiier on the l>road outer surfaces 
of tho lobes where the quadrifids are situated, or wuthin the 
closed conca\dty. In the latter case, water charged with 
cxcremontitioua and decaying matter would be slowly forced 
outwards, and -would bathe the quadrifids, if I am right in 
believing that the concave lobes contract after a time like 
those of Dionaia. Foul water would also be apt to oOKe out 
at all times, especially when bubbles of air were generated 
■v^dthin the concavity. 

A leaf was cut open and examined, and tho outer cells of 
the glands were found to contain only limpid fluid. Somo 
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of the qua tlri fids included a, few spherical granules, but 
iscveral were tranBpareut and empty, and their positions 
were marked. This leaf ivas now immersed in a little 
soJiitiou of one part of urea to 146 of water, or three grains 
to the ounce. After 3 hrs. 40 m. there \va.a no change either 
in the glands or qinidrifida ■ nor was there any certidn change 
in the glands after 24 his . ; so that, as far aa one trial goes, 
UHja does not act on them in the same manner as an infusion 
of raw meat. It was ditferont wilh the quadrifide ; for the 
lining of protoplasm, instead of presenting a uniform texture, 
was now slightly shrunk, and exhibited in many places 
minute, thickened, irregular, yellowish specks and ridges, 
exactly like those which appear within the quadiifids of 
iJtrieiilaria when treated with this same solution. More- 
over, several of tho quadrifids, which were before empty, 
now contained moderately sized or very small, more or le.-?a 
aggregated, globules of yellowish mattor, as likewise occurs 
under the same circumstances with Utricularia, Some of 
the points on the infolded inargms of the lobes were 
similarly ailecled ; for their lining of protoplasm was a litile 
shrunk and included yellowdeh specks j and those which 
were before empty now contained small spheres and irregular 
masses of hyaiiue matter, more or less aggregated ; so that 
both the points on the margins and the quadrifids had 
absorbed niatfer from the solution in the course of 24 hr s* ; 
hut to this subject I j^hall recur. In another rather old leaf, 
to which nothing laid been given, but wdiich had been kept 
iti foul water, some of the quadrifids contained aggregated 
translucent globules. These ’ivere not acted on by a sohition 
of one part of carbonate of ammonia to 213 of water : and 
this negative result agrees with what I have observed under 
similar eircuoistances with Ulricularia, 

Aldrovanda veaiculosa, var. aHstrafU. — Dried leave of this 
plant from Q,ueensland in Australia were sent me by Pr'if* 
Oliver from the herbarium at Kew. Whether it ought to 
Considered as a distinct species or a variety, cannot be told 
until the flowers axe ©xamined by a botanist. Ihe pry 
jections at the upper end of the petiole (from four to six in 
number) are coll^ide^ably longer relatively to the blade, and 
much more attenuated than those of the European funm 
They are thickly covered for a considerable space near their 
extremities with the upeurved prickles* which arc quite 
absent in the latter form; and they genemlly bear on iJicir 
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tips two or three straight pri chics instead of one. The 
hilohed leaf appears also to he rather larger and somewhat 
hroader, with tbo pedicel hy which it is attached to the 
upper end of tho petiole a little longer. The points on the 
infolded margins likewise differ ; they have narrower bases, 
and are more pointed - long and short points also alternate 
with mnch more regularity than in the European form. 
U’he glands and sensitive hairs are similar in the two forms. 
Sa qnatlrifid processes could bo Been on several of tlie 
leaves, but I do not doubt that they wore present, though 
indistinguishFi-ble from their delicacy and from having 
shrivelled; for they were quite dif^tiuct on one leaf under 
circiunstaiiceH presently to be mentioned. 

Some of the closed leaves contained no prey, but in one 
there was rather a large beetle, which from its flattened 
tibia; I suppose was an aquatic species, hut whs not allied to 
Col yin be tea. All the softer tietsues of this beetle were com- 
pletely dissolved, and its chitiuone integuments were as 
clean ag if they liad been boiled in caustic potash ; so that it 
must have been enclosed for a considerable time* T3 jo glands 
were browner and mortsi opaque than those on other leaves 
which had caught n<jthing; and the qiiadrifid processes, 
irem being partly lillcd n Ith l)rown granular matter, could 
bo plainly distinguished, which wms not the case, as already 
stated, on the other leaves. Some of the points on the 
infolded margins likewise contained brownish granular 
maiter. We thus gain additional evidence that the glands, 
the quadrifid processes, and the marginal points, all have the 
power of absoihing matter, though probably of a different 
nature. 

AVithin another leaf disintegrated remnants of a rather 
small animal, not a cnistucean, which had simple, strong, 
opaque mandibles, and a largo un articulated chitinoiis coat, 
were present. I jumps of black organic matter, pOHsibly of 
a vegetable nature, were enclosed in two other loaves ; but 
in one of these there was also a small worm much decayed. 
Hut the nature ot jMirtially digested aud deciiyed btxlies, 
which have been pressed fiat, long dried, and then soaked iu 
\vatcr, cannot be recognised easily. All the loaves oontained 
unicellular and other Algie. still of a greeivish ooloiir, which 
had evidently lived aa intruders, in the same manner an 
occurs, according to Oohn, within the leaves of this plant in 
fieriuany. 
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var. wr;/<'i7itTfrt, — l>j-. KiDg, Stip€rin- 
tendent of tli© B<*tatiic Gardens, kiudly stnt me dned 
specimens collecled near Calcutta* This iurtn was, 1 believe, 
oonsi tiered by Wallicli as a distinct species, under the name 
Qf rcrtidllafa. It resembles the Austialian form much more 
nearly than 111© European ; namely in the projections at the 
upper end of the petiole being muck attenuated and covered 
with upemved prickles ; they terminate alsu in two straight 
little prickles. The hilohcd leaves are, I believe, larger und 
certainly broader even than those of the i\ustrtiltan form ; so 
that the greater cuiivcxity of their margins >va» conspicuims* 
The length of an open leaf being taken at 100, the breadth 
of the Bengal form is nearly 173, of the Australmn form 147, 
and of the German 134. I’he points on the infolded margins 
ar© like those in tho Aiistraban form. Of the few loaves 
which were es:amincd, three contained entomo^tracuu crus- 
taceans, 

Coadudiiitj liemarht.—Tha leaves of tho three forpgoitig 
closely allied species or varieties are manifestly adapted for 
catching living creatures* With respect 1o the lunctions of 
tho several parts, there can be littlo doubt that the h>ng 
jointed hairs aie senaitive, like those of Dion tea, and that, 
when touched, tin y cause the lobes to close. That the glands 
secrete a true digestive lluid aud afterwrards absorb the 
digested matter, is highly probable fitim tho analogy^ of 
Diomca, — from the limpid fluid wdthin their cells being 
aggregated into spherical massc*^, after they had absorbed an 
iuiuaion of raw ineat,^ — from their opaque and granular 
csondition in the leaf, which had enclosed a beetle for a long 
time, — and from tho clean condition of tho in teguments of 
tills insect, as vi ell as of cnistuetiius (fia deecril>ed by Cohn), 
which have been long captured. Again, from ihc effect 
produced on the quad ri lid processes by an inimei'slon for 
^4 hr0, in a solution of urea, — from tho presence of 
granular matter within the qiiadrifiJa of the leaf in which 
the beetle had been caught, — and from the analogy of 
Utricularia,— it is probable that these processes absorb 
oscrementitious and decaying animal matter* It is a moie 
curious fact that tho jx^inta on tho infolded margins ap- 
parently serve to absorb deeiyed animal mutter in the same 
manner as tho qmidrifidK* \Vg can thus undershtnd tke 
meanmg of the iiiLdtled margins of the lobes funn^bed with 
delicate points directed inwards, aud of the broad, flat, on cr 
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portionB, bearing qiiadrifid proccBsesi for tLeso BiirfsiCGa mu&t 
bo liiible to be irrigated by foul water flow i tig i'rom tbo 
eoticavity of tlie leaf when it contains dead aniiiialB.* This 
would follow iroin varioiiB causes,— from the gradual con- 
traction of the concavity 3 — from fluid in excess being secreted, 
— and from the generation of bubbles of air* More observa- 
tions are req^uisilo on this Lead ■ but if tLis view is correct, 
w-0 have the i-emarkahle case of different parts of the same 
letif serving for veiy’^ differont purposes — ^one part for true 
digestion, and another for tho absorption of decayed animal 
matter. Wa can thus also understand how, by tho gradual 
loss of either poiver, a plant might be gradually adapted for 
the one fumjtion to the exclusion of the other : and it wdll 
hereafter be shown that two genera, namely Pingnicnla and 
[f tricularia, belonging to the same family, have l>ecn adapted 
for these two diffei*ent functions* 

* [Duval - JouTc'a otservatious lar structures are describeJ Uj" Duval- 

thirow some doubt cm this pc^Lut. He Jouve as occurring ou the leaves of 

bass sbowQ (* Llull, Soc. Bot. de Callit riche, and 

France/ t, aiiii, [>. 130) that in. th« jj/jtrii and srmilar observations 

tcintef buds of Aid rovanda the leaves were sniLile by the late lit Kay Ln.n- 

nre reduced to a ftetioLc, the lamina kester (‘Brit* Aasoc* Keport,’ 13S0, 

being absent* Now the lamina bears jiublishcJ 1851, 2nd part of volume, 

boLh the glands for whicli a pept ic jc 113). This beiii^ *i> we must sus- 

lunctiiui is suggested in the te^t, and peud judgment as to the function of 

also tho ({Uadritid processes which the {[uadritid processes on the outer 

arc believed to absorb the products regioa of the lamina of the leaves of 

of deetiy. Sines the leaves^ of the AJdrovanda. Charles Ltorw in appears 
winter buds have no laminae, and tu have been impressed! with the ini:- 

cannot therefore capture prey, we portance of these facts, as 1 infer 

must believe that the glands oti the trom a note pencilled in l^rof* ^3;Lr- 

pvtioles hove merely general fibiiorp- tiu'^s tranlation of ‘ ineectivorouS 

live fuuetioD, fltid aie not specialised Planta,' where DuvabJouve*s jiaper 

ici relation to the pi'oducts of the is discussed in a note- by the trans- 

decaying vie tlEiitf of the plant. Simi- la tor.- — F, D.] 
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CHAPTER XV. 



DROSOPnVLttTM— KOTUtJltLA— B tRLIS— ITL iNDlXAlt HaTFJ 3 OF OTIlElt 
TLASld— CONCtUDl^iO RllMAHKg ON THK OeDSERAC!:.!?. 

Drosnphviluw— Structure of leu veA— Nature of the fiecretiou^^raotier of 
catch tug inscrta—lVwer of abiorptjott^Dif^astiun of mumfil suhsUucca — 
S Lira mar jr on Droaophyllum— Koi-idula— ByblJs— Glanilular hairs of other 

plaota^ their puttier of ahjjto] ptir»n — Snsifrajja— T'rimulri— I'ekrgotiiuiii^ 
kricfl— Mirubtli.-i— Siuutiaim— Summarv- oti gknJular liair*— Concludin'^ 
I'emarks oi5 the l>roseracoae. ^ 

DrosontYLT-UM LCSTTANICUM. — This rare plant ha« been found 
only in Portugiil, ancl, as I hear from Jlr, Hooker, in Morocco. 
1 obtained living specimena through the great kindnesa of 
Mr. C. Tait, and afterwards from Mr. G. Nlaw and Dr. 
Moore. Hr. Tait informs me that it groivs plentifully on 
tlie sides of dtj hills near Oporto, and that vast numbers of 
files adhere to the leaves. This latter fact is ivell known to 
I he villagers, who call the ]>lant the “ fly-catcher," and hang 
it up in their cottages for this purpose. A plant in nij hot- 
liniise caught so many insects during the early part of April, 
although the weather was cold and insects scaice, that it 
must have been in some manner strongly" attractive to them. 
On four leaves of a young and small plant, 8, 10, 14, and Ifl 
minute insects, chiefl}’ Diptera, were found in the autumn 
adhering to thcin, 1 neglected to examine the roots, but I 
hear from Dr. Hooker that they aie verj^ small, as in the caao 
of the previously mentioned members of the same family of 
the lJroKeracea\ 

The leavt^B arise from an almost w'oody axis ; they are 
linear, much attenuatfed towards their tips, and several inches 
ill length. 'J'he up]ier surface is concave, the lower oonvci, 
with a narrow channel down the middle. JBoih surfaces, 
with the exception of the channel, are covered ivith glands, 
supported on pedicels and aiTanged in irregular longitudinal 
rows. These organs I sliall call tentacles, from their close 
resemblance to those of Drosera, though they have no power 
of movement. Those on the same leaf differ much in length.- 
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The g1fi,n(^3 also differ in hikg, and arc of a ]>riglit pink or of 
a purple colour ; their u]>per surfaces are couveXt and the 
lower flat or even concave, so that they reROnible miniature 
mushroomy in appearance. Tliey arc formed of two (as I 
l>elieve) layers nt delicate nngnlar cells, enelosi ngc ight or 
ten larger cells with thicker zigzag walls. Within these 
larger cells there are others mnarked by spiral lines, and 
apparently connected with the spiral vessels which rim up 
the green mnlticelliilar pedicels. The glands secrete largo 
drops of viscid secretion. Other glands, having tho same 
general appearance, are found on the flower-pedimcltsa and 
oalyx. 

Besides the glands which are borne on longer or shorter 

pedicels, there are numerous ones, both on 
the upper and lower surfaces of tho leaves, 
so small as to bo scarcely visible to the 
naked eye. They are colourless and almost 
sessile, either circular or oval in outline ; 
the latter occurring chiefly on tho backs of 
the leaves (fig. 14). Internally they have 
exactly tlie same striictuio as the larger 
glands which are snpportod on ijcdicels; 
ami indeed the two sets almost graduate 
into one another. But the sessile glands 
difier in one important respect, for they 
never secrete spontauGonsly, as far as I 
have seen, though I have examined tliem 
under a high power on a liot day, whilst 
tho glands on pedicels wore secreting cO’ 
piously. Nevertheless, if little bits of damp 
albumen or fibrin are placed on these 
sessile glands, they begin after a time to 
secrete, in the same manner as do the glands of Jhomea 
when Bimilai'ly treated. When they were meiely rubljed 
with a bit of raw meat, I Ijelieve that they likewise secreted. 
Both the sessile glands and the taller ones on pedicels have 
the power of rapidly absorbing nitrogenous matter. 

The secretion from the taller glands diflers in a reinarkiible 
manner from that of Drosera, in being acid Ixjfore tho glands 
have been in any way excited ; and judging from the changed 
colonr of litmns paper, more strongly acid than that of 
Dt oscra. This fact was observed repeatedly^ ; on one 
occasion I chose a young leaf, which was not secreting freely i 
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Eind had never caii^ht an insect, yot tlie socretiou on all the 
glands eolQTircd litmus paper of a brif^Ut red. Froin the 
<juickness with whicli the glands are ablo to obtain animal 
matter from such substancBH as woll-waslied fibrin and 
4-artilag0t 1 suspect that a small quantity of the proner 
ferment must bo present in the secretion l)efore the glands 
are escited, so that a little animal matter is quicldy 
dissolved. ^ 

Owing to the nature of the secrotion or to the shape of 
the glands, the drops are removed from them with sin^^ailar 
facility. It is even somewhat dimeult, by the aid of a Sieiv 
pointed polished needle, slightly damped ivith water, to place 
ft minute particle of any kind on one of the drops ■ for on 
^vithdrawing the needle, tlio drop is ^geueraUy withdrawn ■ 
whereas with Drosera there is no such difficulty, thouHi the 
drops are occassional ly 'withdrawn. From this pecuHaviH^ 
when a small insect alights on a leaf of Drosophylhim, the 
droi)s adhere to its wings, feet, or l>ody, and arc drawn from 
the glaud ; the insect then crawls onward and other droi>H 
ftclhcro to it ; so that at last, bathed by the viscid Kecretion 
it sinks down and dies, rosting on flie small sessile glands 
with wliich the surface of tlie leaf is thickly covered. In 
the case of Drosera, an insect sticking to one or more of the 
exterior glands is carried by their movement to the centre of 
the leaf ; w ith Drosophylhim, this ia effected by the crawling 
of the insect, as from its 'wings being clogged by the secretion 
it cannot fly away. 

There is another difference in function bet’^^een the glands 
of those two plants : we know that the glands of Drogera 
sepreto more copiously when properly excited, liut when 
minute particles of carbonate of aTninoni;i, drops of a solution 
of this gait or of the nitrate of ammouia, saliva, small insects, 
bits of raw or roast meat, allinmen, fibrin or cartilage, as well 
us inorganic particles, were placed on the glands of Droso- 
phyllum, the amount of secretion never appeared to he in 
tlie least increased. As insects do not commonly adhei'C to 
the taller glands, Imt 'ivithdran" tlio secretion, wo can see 
that there would be little use in their having acquired tho 
habit of secreting copiously 'when etimukfed; whereas with 
Ihoacra this is of use, and tho habit has been acquired. 
Kpvertheless, the glands of Drosoph^^hum, without being 
^^timuiatcd, continually secrete, so as to replace the loss by 
evaporation. Thus ’^yhen a plant was placed under a small 
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l>ell-glas3 with its iuner siirfiice and, support thoroughly 
wetted, there was no' loss hy evupo lation^ and &o much 
seeretioii ^vas accumulated in the course of a day that it ran 
down the tcntades and covered large spaces of the leaves. 

The glands to which the alx>vo named nitrogGnous 
siihatances and liquids were given did not, as just stated, 
secrete more copiously ; on the c<>ntraT^% they absorbed their 
own drops of secretion with surprising quickness. Bits td’ 
damp fibrin were placed on five ghiiiils, and ’when they were 
looked at after an intervid of 1 hr. 12 m.j the fibrin 
almost di'jj the secretion having been all absorbed. So it 
was ’with three eiihes of albumen after 1 hr. Ifi ni,, and with 
four other enbeSj though tliC'.e latter were not looked at 
until 2 hi-B. lo m* had elapsed. The same result followed in 
l>etwecTi 1 hr* lo m* and I hr. 30 m. when particles both of 
cartilage and meat ivere placed on several glands* Lastly, a 
minute dTo];» {about ^ of a minim) of a sohition of one ])art 
of nitrate of ammonia to 140 of water Avas distributed between 
the secretion snn’ciuuding three glands, &( that the amount 
of fluid surrounding each was slightly increased ; yet when 
looked at after 2 hrs., all three ’were dry. On the other 
hand, seven partieles of glass and three of coab cinders, of 
nearly the same sis^e as those of the above-named organic 
substances, wove placed on ten glimds; some of them l>eing 
oLiscrved fi^r 18 brs*, and others for two or thi ee days ; but 
there waa not tbe least sign of the Bceiution being absorbed. 
Hence, in the former cases, the absorption of the secretion 
must have been duo to the presence of some nitrogenous 
matter, which was either already soluble or was rendered so 
by the secretion. As the fibrin \va.s pure, and had been well 
washed in distilled water after being kept in glycerine, and 
as tlio cartilage had l>een soaked in water, I suspect that 
these substaucea must have been slightly acted on and 
rendexed soluble ’within the above sttited short periods. 

The glanda have not only the power of rapid absorption, 
bnt likewieo of secreting again qnickl^'; and this latter 
habit has perhaps been gained, inasmuch as insects, if they 
touch the glands, generally ’withdraw the drops of secretion, 
which have to be restored* The osact period of re-secretion 
was recorded in only a few cases. The glands on which 
bits of meat were placed, and which were nearly dry after 
about 1 hr. 30 m*, when looked at after 22 additional honi-s, 
were found secreting ; so it was after 24 hrs* with one gland 
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on wliicb. a bit of album on liar] baen placed. The three 
gkiiJd to whioli a minute drop of a solution of nitrate of 
iiiamotda was distrlbiitod, and which became dry after 2 hr^. 

wore beginning to ro-socrete after only 12 additional hours/' 

TenincUs Imapahle of MomiiienL — -Many of the tall ten- 
tacles, with insects adberEng to them, were carefully ob- 
werved ; and fragments of insects, bits of raw meat, albiinien* 
ttc-, drops of a Polution of two salts of ammonia and of 
siliva, were placed on the glands of many teutados ; but 
not a trace of mov'ement could over be detected* I also 
repeatedly irritated the glands with a needle, and scratched 
and pricked the blades, but neither the blade nor the 
tentacles became at all inflected. We may therefore ocm- 
cUide that they are incapable of movement. 

On the Power of hy ihe Glands, — It has 

already been indirectly shown that the glandp on pedicels 
absorb animal matter; and this is further shown by their 
clianged colour, and by the aggregation of their contents, 
after tlioy have beeii left in contact with nitrogenous 
substances or liquids* The following observations apply 
both to the glands supported on pedicels and to the minute 
sessile ones. Before a gland hats been in any way Btium- 
lated, the exterior cells commonly contain only limpid purple 
fluid ; the more central ones including mulberry-like raassr s 
of purple grarnilar matter. A leaf was placed in a little 
s^Jutiou of one part of carbonate of ammonia to 140 of water 
(3 grs. to 1 OK*), and the glands were instantly darkened 
and very soon became black ; tliis change being duo to the 
etroiigly marked aggregation of their contents, more especially 
of the inner cells. Another leaf was placed in a solution of 
the same strength of nitrate of ammonia, and the glands 
were plightly darkened in 2d m., more bo in dO m., and after 
1 hr. 30 m, were of so dark a red as to appear almost black* 
Other leaves were placed in a weak infusion of raw meat 
and in human saliva, and the glands were much darkened 
iu 25 m,, and after 40 m. were so dark as almost to deserve 
to be called black. Bvma immersion for a whole day in 
distilled water occasionally induces some aggregation within 
the glands, so that they become of a darker tint* In all 
these cases the glands are affected in exactly the sanio 
manner as those of Drosera. Milk* however, which 
acts so energetically on Droscra, seems rather less effective 
on Brosophyllum, for the glands were only slightly 
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clavkoned by an immersion of 1 br. 20 but bccamo decidedly 
darker after 3 hrs, Loaves which Imd been left for 7 hr a. 
in an infusion of raw meat or in saliva wore placed in the 
j^olntion of carbonate of ammonia, and the glands now be- 
came greenish ; whereas* if they Imd been brat placed in the 
carbonate, they would have become black. In this latter 
case, the ammonia probably combines with the acid of the 
secretion, and therefore does not acton the colouring matter; 
but when the glands are first subjected to an organic flaid* 
cither the acid is consumed in the work of digestion or the 
cell-walk are rendered more permeable, po that the undecom- 
poficd carbonate enters and acts on the colouring matter, If 
a particle of the dry carbonate ie placed on a gland, the purple 
colour is quickly discharged, owing probably to an excess of 
the salt. The gland, moreover, is killed. 

Turning now to the action of organic substances, the 
glands on which bits of raw meat ’weje placed became dark- 
coloured ; and in 18 hrs. their contents w^ere conspicuously 
aggregated. Several glands with bits of albumen and fibrin 
wmro darkened in between 2 hrs* and 3 iirs. ; but in one case 
the purple colour w'^aa completely discharged* Some glands 
■which had caught flies wore compared with other’s close by ; 
and though they did not differ much in colour, there was a 
marked differenco in their state of aggregation* In some 
few instances, however, there was no such difference, and 
this appeared to bo due to the insecta having been caught 
long ago, ao that the glands had recovered their pristino 
state. In one case, a group of the sessile colourless glands, 
to which a small fly adhered, presented a peculiar appear- 
ance ; for they had become purple, owing to purple granular 
matter coating the colhwulk. I may here mention aa a 
caution that, soon after some of my plants arrived in the 
spring from Portugal, the glands wore not plainly acted on 
by bits of meat, or insects, or a Bolution of ammonia— a 
circumstance for which I cannot account. 

Di^^ition Solid jlnfnniil — ^Vhikt I was trying to 

place on two of the taller glands little cubes of albumen, 
these slipped down, and, besmeared with secretion, were left 
resting on some of the small sessile glands* After 24 hrs_ 
one of these cubes w as found completely liquefied, but with 
a few white streaks still visible ; the other was much 
rounded, but not quite dissolved. Two other cubes were left 
on tall glands for 2 hrs, 45 m., by which time all the 
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fiecrotion was al>sorbod ; but they were not porcontihlv acted 
on, though no doubt some nllglit atiionnt of anitual matter had 
been absorbed from them. They Avore then placed on the fimail 
sessile glands, Avhich being thus stitnulated secreted copiouiy 
in the eaurso of 7 hrs. One of those cubes Avaa much 
liquefied within this short time ; and both were oompleteh^ 
liquefied after 21 hrs. Ir.i' iii* ^ the little liquid iiiasses, hoAv- 
erer, still showing some white streaks. These streaks 
disappeared after an additiotial period of (i hr^. 30 m* j and 
by next morning (Le. 48 hrs. from the time when the cubes 
Averc first placed on the glands) the liquefied matter was 
Av h ol ly ab sor be d * A cube o album cn was left on an other tal 1 
gland, Avhich first absorbed the secretion and after 24 hrs, 
poured forth a fresh supply. Tliis cube, now surrounded 
by secretion, nas left on the gland for an additional 24 hie., 
but was Tcry little, if at all, acted on. We may therefore 
conclude, either that the secretion from the tall glands has 
little poAAer of digestion, though strongly acid, or that the 
amount poiir^l forth from a single gland is iusnffieient to dis- 
solve a particle of albumen Avhich Avithin the same time 
Avould have been dissolved by the secretion from several of 
the Hina 11 sessile glands. Owing to the death of my last 
pljnt, 1 Avas ’Linable to ascertain which of these alteniatiA^es 
is the true one. 

knur minute shreds of pure lihrin Averc placed, each 
i-estlng on one, two, or three of the taller glands. In tho 
course of 2 hrs. BO m. the secretion Avas all absorbed, and the 
shreds Avero left almost dry. They were then pushed on to 
the sessile glands. One shred, after 2 hrs. 30 m., seemed 
quite disscjlved, but this may have l>eeu a mistake. A 
Hccond, Avhcu examined after 17 hrs. 25 m., Avas liquefied, 
but the lifiuid hs seen under the microscope still contained 
floating granules of fibrin. The other two shreda Avere com- 
pletely liquefied after 21 hrs. 30 m.; but in one of th© drops 
a verj^ few granules cx>uld still bo detected. These, lioAi’^ovcr, 
AA'^erc dissolved after an additional interval of G hrs. 30 m. ; 
and the surface of the leaf for some distance all round w’aa 
<^o vere J AV i th li i ii pid flui rh It thus appears that Drosophy 1 lum 
digests albumen and fibrin rather more quickly than 
Drosera can ; and this may perhaps be attributed to the acid, 
together probably Avith some small amount of th© ferment, 
Ixiing present in tb© secretion, before the glands have been 
stimulated ; so that digestion begins at once. 
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Conduduiff Tlemarlcs.^ThG liitear leaves of Drosopliyllum 
differ but sii^htl j from tb^iee of certain species of Drosera j 
the chief differences being, firstly, the presence of niiniite, 
tilmost sessile, glands, winch, like those of iHnna^a, do not 
secret© until they are excited by the ubsoiption of nitro- 
genons matter- Ilut glands of tbis hind fi^c present on the 
leaves of Drosera hinatfi, and appear to bo represented by the 
papilltc on the leaves of Dnmra roiundifoUa. Secondlj% 
the presence of tentacles on the backs of tb© leaves; but we 
have fioou that a few tentacles, irregularly placed and 
tending towards abortion, are retfl^ined on the backs of the 
leaves of BroRera hMa. There are greater difforenoes in 
function between the two genera^ Tho most important one 
is that the tentacles of Dresophylhim have no power of 
movement ; this loss being partially replaced by the drops 
of viscid secretion being readily withdrawn from the glands ; 
BO that, when an insect comes into contact with a drop, it is 
able to crawl away, but soon touches other dropSj^ and then, 
smothered by the secretion, sinks down on tbo acasile glands 
and dies. Another difference is, tliat the secretion from the 
tall glands, before they have been in any way excited, is 
strongly acid, and perhaps contains a small quantity of the 
proper ferment. Again, thee© glands do not secrctei more 
copiously from being exeited by tho absorption of nitro- 
genous matter; on the contrary, they then absorb their own 
secretion with extraordinary quickness. In a short time 
they begin to secrete again ^ All tbeso circumstances are 
probably connected with th© fact that inseefs do not 
commonly adhere to the glands with w^hich they first ccum© 
into cont^t, though this does sometimes occur ; and that it 
is chiefly the secretion from the sessile glands which dissolves 
animal matter out of their bodies, 

Koiudula. 

Boridula dentata . — This plant, a native of the western 
parts of the Cape of Good Hope, was sent to m© in a dried 
state from Kew, It has an almost woody stem and branches, 
and apparently grows to a height of some feet. The leaves 
ar© linear, with their summits much attenuated. Their 
upper and lovrer surfaces arc concave, with a ridge in ihe 
middle, and both are covered with tentacles, which differ 
greatly in length; som© hetng very long, especially those 
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on tlio tips of tlio leaves, and some very short, The ria 1 
also differ much in size and are somewhat elongated Thev 
are supported on nmlticellular pedicels. o • ey 

This plant, therefore, agrees in several respects with 
Drosopliyllum, but ditiers in the following pointe. I could 
detect no sessile glands ; nor would these have been of aov 
use, as tUe upper surface of the leaves is thiokly clothed 
with pointed, unicellular hairs directed upwaids The 
pcdiools of tho tentacles do not include spiral vessels • nor 
are there any spiral cells within the glands. The leaves 
often arise lu tufts and are pinnatifld, tho divisions pro- 
jecting at right angles to the main linear blade. These 
lateral divisions are often very short and bear only a single 
turmiual tentacle, with one or two short ones on the sidps. 
No distinct line of demarcation can be drawn between the 
pedicels of the long terminal tentacles and the ranch attenu- 
ated BuimnitH of tlio leaves. _Wo may, indeed, arbitrarily fix 
ou tlie point to wijich the spiral vea^^eJs proceeding from the 
blade extend ; hut there is no other distinction. 

It was evident from tho many particles of dirt stickiin^ to 
the gknds _ that they &ociete much viscid matter. A I^rgo 
numher of insects of many kinds also adhered to tho leaves. 

I eoutd nowhere discover any signs of the tentacles having 
l>een infiected over the captiired insceta ; and this probably 
would have been seen even in the dried specimens, had they 
possessed the power of movement. Hence, in this negative 
character, iioridula resembles its northern representative, 
Drosfjphyllum. 



Bvblis, 

ByhUs ^ufantta (Western Australia).—A dried apecimen, 
about 18 inches in height, with a strong stem, was sent mo 
from Kew, Tho leaves aro some inches in length, linear, 
slightly fattened, ivith a small projecting rib on tho lower 
surface. They are covered on all sides by glands of two 
kinds — sessile ones arranged in rows, and others supported 
on moderately long pediceis. Towards the narrow summits 
oi tho leaves the pedicels are longer than elsewhere, ami 
here ecpial the diameter of the leaf. The glands are purplish, 
much fattened, and formed of a single layer of radlatii»g 
cells, which in the larger glands aro from forty to fifty ^in 
number. The pedicels consist of single elongated cells, with 
colourless, extremely delicate walls, marked with the lines t 
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intersecting spiral lines. AVhetheT these lines are the result 
of contraction from the clrj ing of the wfiUa, I do not k7:iow, 
hut the whole pedicel was often Hpi rally rolled nj>. These 
glandular hairs are far more simple m structure than the so- 
called tentacles of the preceding genera, and they do not 
differ eseentially from those borne by innumerable other 
plants, The fiowcr-pedunclcs l>ear similar glands* The 
most singular character aliotit the leaves is that the apex is 
enlarged into a little knoh» covered with glands, and aljout 
a third broader than the adjoining part of the attenuated 
leaf. In two places dead files adhered to the glands. As 
no instance is known of nnieellular stmeturts having any 
poiver of movemetit/ BybliSj no doubt, catches insects solely 
by the aid of its viscid secretlcu. These probably sink down 
besmeared with the secretion and rest on the small sessile 
glands, wdiich, if we may judge by the analogy of Hroso- 
phyllum, then |K>ur forth their secretion ajid afterwards 
absorb the digested matter. 

Sti 2 }pUmentar}j Ohaervatmis on the Power of Ahsorptimi btj the 
Glandular Hairs of other Plant 9.^ A f^w observations on this 
subject maybe here conveniently introduced. As the glands 
of many^ probably of all^ the species of Dro&eraccai alj&orb 
various fluids or at least allow them readily to cuter, f it 
seemed desirable to ascertain how' far the glan{ls of other 
plants wdiich are not specially adapted for capturing insects, 
1104.1 the same powder. Plants w^ere chosen for trial at hazard, 
^vith the exception of two species of saxifinge, which were 
selected from belonging to a family allied to the Droseracese. 
Most of the experiments w^ere made by immersing the glands 
either in an infusion of raw’ meat or more commonly in a 
Bolntlon of carhouato of ammonia, as this latter suLatance 
acts BO j>ow-er fully and rapidly on ])ro topi asm. It seemed 
also partieulavly desirable to ascertain wdiether aiiiinonia 
was absorbed, as a small amount is contained in raiii-wmter. 
With the Droseracca- the secretion of a viscid fluid by the 
glands does not prevent their absorbing ; so that the glands 
of other plants might excrete superfluous matter, or secrete 
an odoriferous fluid as a protection against the attacks of 



* S'Litha, ‘ Traits de Bot.' 3ril enUt, iinlfibition,. is by no inDnns clearly 
1874, 102(j. ninleritood : set JiJiiiler’a ‘Fhysio- 

t the dieiincticn lotwQcn true logy,* trails] at. 1831#, rol. i. 1>- 
absorptioa and rtierti rernieftLion, or 28u. 
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or for any otlicr purpose, and yet have tlio power of 
absorbing. I regret that in the following cases I did not 
iiy whether the secretion could digest or render soluble 
auiinal suljistaiices, but such ex:periiiiGnts would have been 
diflicidt ou account of the smull size of the glands and the 
aiuall amount of secretion. We shall see in tho next chapter 
that the secretion from the glandular hairs of Pinguicula 
certainly dissolves animal matter. 

Sa^i/tafja njnhrosa . — The flo^ver-pedundes and petioles of the 
leaves aire cletluHl with sliort hairs, i>earin^ pink-coloured gland^s, 
formed of several polygonal cells, with tlieir ijedicetfi divided by partitions 
into distinct cells* which are generally colon rlesa, but some times pink. 
The glands secrete a j^ellowish viscid fluid, by which minute Biptera 
are sametimes, though not eftenj tauglit.* The cells of tlic glands 
contain bright ]rthk fluid, charged with granules or witli globular 
masses of jdnkish pulpy matter. This matter must be prokjplasm, 
for it is seen to undergo slow but incessant changes of form if a gland 
be placed in a drop of water and examined. Similar movements were 
observed after glands hail been immersed in water for 1, 3, 5, 18* and 
27 lira. Even after this latter period the glanrls retained their bright 
pink colour ; and tbo protoplasin within their cells did not appear to 
have become more aggregated. Tiie continually changing forme of 
the little masse.^ of protoplasm arc not due to the absorption of water, 
as they were seen in glands kept dry. 

A tiower-stem* still attached to a plant, was bent fMay 29) so as to 
remain immersed for 23 hrs. 30 m. in a strong infusion of raw meat. 
The colour of the contents of the glands was slightly changed* being 
now of a duller and more purple but tlian Ijefcre. The contents also 
apfieared more a^regatedj for the spaces between the little masses of 
proUiplasm were wider ; but this Utter I'esult did not follow in seme 
other and similar exp>eninentB. The masses seemed to change their 
forms more rapidly than did those in water j so that the cells hail a 
different aphpearance every four or five minutes, Elongated maiises 
l>ecame in tlae course of one or two minutes spherical ; and spherical 
ones drew themselves out mid united with others. Minute masses 
rapidly increased in size* and three distinct ones were seen to unite* 
The movements were, In short, exactlj*' like those dcsiwihed in the case 
of Ortieera. TJie celM of tlie iiediccls were not allucted by the infusion ; 
nor were they in the folio wit ig expierinient. 

Another hower-sstem was place<l in ihe same maimer and for the 
saiiic lengtli of time in a solutkm of one part of nitrate of ammclda to 



* In thfl Ctise of tn~ 
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1-16 of water (or li grs. to 1 oz.)^ and tlie glands were discoloured in 
exactly the name maimer as by the infusion of raw nieat^ 

Another Howcr-Etcm was immersed, as before, in a solution of one 
]:iart carbonate of ammonia to 100 of water^ I'be glands, after 1 hn 
AO jn., were not discoloured, hut after 3 hrs. 45 m. mest of them liail 
become dull puqde, some of them blackisb-grcen, a few" Ixiing still 
nnaftected. I'he little iiiiv^fieft of protoplasm within the eells w'ere 
seen in nioTemcnt, The cells of tije picdicels were uuiiilteredt 'fhe 
experiment was repeated, and a fresU flow'er-stcm was left for 23 hrs, 
ill the solution, and now a great elTect was produced; all the glands 
were much blaoteued, and the previously transparent Hiiid iu the cdla 
of the petiicels, even tlowu to their basci^, contained spbericat masresof 
granular matter* lly comparing many tlifl'ercnt hair^, it w^as evident 
that the glands first absorb the earl )on ate, and that the effect thus 
produced travels down the hairs from cell to cell. The first change 
winch could be observed is a cloudy appearance in the fluid, due to 
tlie funnation of very fine granules, which afterwards aggregate into 
larger masses* Altogetiier, m tlie darkening of the glands, and in the 
proceiis of aggregation travelling down the cells of the pedieeb, theie is 
the closest icscmblance to what takes place w^hen a ten<acle of Drt:sera 
is immersed in a weak solution of the same salt. U'he glands, however, 
absorb very much more slutvly tbau those of Droaera* Besides the 
glandular hairs, there are star-shaped oi'gans wd licit do not appear to 
secrete, and w’hich "were not in the Ifcjst aflccted by the above , 
solutions, ' 

Ahhougli in the case of uninjured flower-stems and leaves th& 
carlxjnatc seems to bo absorbed only by the glands, yet it enters a cut j 
surface iniieh moro quickly than a gland. Strips of the rind of a j 
fiower-stem were torn off, and the cells of the ^ledicels were seen to ' 
contain only colourless trail spuirent fluid ; those of the glands including J 
us usual some granular matter. These 5tri| B were then immersed in ' 
the same solution as before (one part of the carbonate lo lOD of water), | 
and in a few minutes granulfir matter appeared in tiie luwtr cells of ad 1 

the pedicels* The action invariably commenced (for 1 tried the ex- ] 

perimeiit repeatedly) in the lowest cells, and therefore dose to the tom | 

surface, iind then gradually travelled up the hairs until it reached the j 

glands, in a reveirfjed direction to wdiat occurs iu uninjured g|)eciu]ciia. j 

The glands tlien lu’camc discoloured, und the previously contsined j 

granular matter was aggregated into larger masses. Two abort bits of 1 

a flower-Biem w'Crc also left for 2 hrs. 40 m. in a weaker tolution of one j 

part of tbe carbonate of £18 of water; and in butb specimens the 1 

pedicels of the hairs near tbe cut ends now contained much graiudar j 

n-jatter ; and the gkndfi were completely discoloured. J 

Lastly, bits of meat were placed on Eome glands; these were J 

examined after 23 lirs., as wtjre oihcrs, which had apparently not long i 

Vioforo caught minute flies; but they did not jhresent any difi'erenca j 

from the glands of other ha ins. Perhaps there may not have been | 

time enough fur abBOiption. I think so, as some glands, on which J 
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dcrul flies IiehI tvideiitly long bin, were of a i^h dirty f-urple co]( 
even almo-st wjlourleMS^, and iho ^riuiiilar njatter wiibdi tliem nreq 



Jour or 

1 , , 1 - i‘em nre^cnte^l 

tin iiTuirtual and mnww lm l amlmr apiiearanco. Thai tlie^se glEmds Imi 

aljsorkd animal niiittor frimi thti fitesj probably Ijy exosnio&t) into tiio 
viscLil secretion, u'e Jimy infc]^ not only from ilieir'chaLi^ed colour but 
]>ecaiise, when idactd in a SHjlution of carlionau* of ainmotjia, mmQ of 
the cells in their lioiliccls become with granular matter ; wlicress^ 
ttte colls of other hairs, which had not citoglit Hies, after bdiif^ treated 
with the i^3.mc solution ibr tJjo same iengiii of time, contained onlv a 
^mall (juaijtitjf of ^lanular ijjatter. Jiu.t more evidence is neces^arv 
before u'e fully admit that tho glands of this saxifrage can abs'urb, 
eren with ample time allowed, animal matter from the ndmire insects' 
which they occaRionall}^ and accidentally ciipture. 

Saxifmija mtitmit/vliu (?).— The hairs on the flower-tiiems of this- 
fi|-«iciesare longer than those just dcBci'il>ed, and bear jjale hrowii glands, 
iRlany were examintxl, and the cells of the iiediccla were quite trans- 
parent. A bent stem was immerseil for ;)U m. in a sohition of one 
part of carbonate of ammoiiia to iOb of water, and tw-o or three of tlic 
iipjiermost cells in the i.tcdieela noiv contained granular or aggixfgatcd. 
matter; the ghmds having become of a bright yellowish-greeTi. 'J'lie 
glaiLils of this species therefore absorb the carlxanate much more 
quickly than do those of Sn^ffrw/a timhnmi, and thqii]>i>er ceils of the 
iHslicds arc likewise aneeted much more quickly, Tieces of tlic stem 
were cut off and iiiimcrsetl in the same solution; and uow tlie process 
of aggregation travelled up the hairs in a reversed direction ; the cells 
close to the cut surfaces being first affeete/l, 

I'rimnhi sinmsis . — The dower-stem s, the up|>er and lower surfaces 
of the leaves and their footstalks,. are all clothed with a mutUitude of 
longer and shorter hairs. The pediceis of the longer hairs are divided 
by trausverse partitions inti> eight or nine cells. The enlarged ter- 
minal cell is globular, forming aglandw'hieh secretes a variable amount 
of thick, sliglitly visdd, not acid, brownish-yellow matter. 

A piece of a young flowci'-stem was first itniiiorseil in dtstdled water 
for 2 hrs* 30 m,, and the glandular hairs were uot at all affected, 
Aiiotiier piece, bearing twenty-Uvy short and nine long hair*, \vas 
carclLilty exaniincd. 'Ihe glaiuk tuf the latter contained no swjlid or 
senu-flolid matter; and those of only tivo of tho twenty-five short hairii 
Contained some globules. Th s ]>(ece was then immersed for 2 lirs. 
in a Solution of rmc part of carlxmate of ammonia to lOff of water,, 
and now tho glands of tlic tT.vtnty-five shorter ii.aiis, with tw(j or thieu 
exceptions, contained cither one large or I'rem two to five smaller 
splierical masses of semi-soliil matter* Three of tho glnuds of the 
nine long hairs likewTse included similar mas.ses. Jn a fcAvhaira tlieru 
Were also globules in the cells immediately beneath tho gknds. 

to all thirty- four hairs, there could be no doubt tluit tho 
glands had aijsorbed some of the carlxmate* Another p>iece was left 
tor only 1 hr* in tlje same solution, andl aggregalcnl iiiatter apixmireil 
Ur all tlie glands* My son l’’i anciB examined sonic glands of the longer 
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hairs* which containeil little maspcs of matter, before they were 
immersed in any solution; and these ina^sses alowly changed their 
fomiB, so that no (luuht they consist^l of l)nofo|,>tasm. Tie tjieri 
irrigated tbcBe hairs for 1 hr, Iri m.^ whilst under the nheroscope, 
with a eohition of one part of the carbonate to 218 of water; the 
■iglanda were not j>ei‘cei3tibly afl’ectod, nor could thiB have been C3t]>ectedj 
aa their contetda were already aggregated, But in the ccIIb of the 
pcxiicels rjuniercUfi, almost colour leas* aplieres of matter api ►eared, 
which changed their forms and slowly coalesceii ; tlie appearance of 
the cells being thus totally changed at bucccsbivc intervals of time. 

The glands on a young hower-stein,. after having been left for Si Lrs. 
4(3 in, in a strong Bokitknv of one jiart of the carbonate to 109 of water, 
contained an abundance of aggregated masses, hut whether generated 
hy the action of the salt* I do not kno>v* This piece was again placed 
in tlie solution, so that it was immei'scd altogether for 6 hrs, 15 m., 
and now there was a «reat change ; fur almost all the spherical Tmisses 
within the gland-cells had disiipj ►eared, being re]jlaced by granular 
matter of a diirkcr brown, The ex fieri men t was thrice repeated with 
nearly the same result. On one occasion the i>iece was left inimeraed 
for 8 hrs. 30 m.* and though alinost all the spherical masses were 
changed into the brown granular matter, a few still remained. If the 
spherical masses of aggregated matter had been originally produceil 
merely by some chemical or i>hysical action* it scetus strange that a 
somewhat longer inmiersion in tlie same sedution should so completely 
alter their character. But as the masses which slowly and siTonta- 
neonaly changed their forms muet have consisted of living proto]ila?m, 
there la nothing surprising in its being injured or killed* and its 
appearance wholly changed by long immersion in so strong a solution 
of the carlionate as that cmi>loyed. A s^olution of this Btrength 
paralyses nil movement in Drosera, hut does not kill the protoplasm ; 
a still stronger solution prevents tlie protoplasm from aggregating into 
the ordinary Ml-aizeil globular mas.ses, arid these, though they do not 
disintegrate, hecotiie granular and opaque. In nearly the same 
manner, tCK>* hot ivater and certain Bolutioiis (for instance, of the salts 
of soda ami potash) cause at first an im^ierfect liind of agi^iregation in the 
cells of Droscra ; the little mas^ea afterwards breaking up into gramilar 
or pul])y brown matter. All the foregoing experiments were mode on 
flower^ateins, but a piece of a leaf tvas immersed for 30 m, in a sfrong 
fit>lution of the carbonate (one jwirt to 109 of water), and little globular 
masses of matter ap>peared in all ibe glamla* which before contained 
only limpid fluid, 

I made also several esperiments on the action of the vapour of the 
carhunatG on ilie glands ; but will give only a few" cases. The cut cud 
of the footstalk of a yoimg leaf was protected wuth sealing- ^vax* and w'as 
then placed under a Bmall hdl-glasB, witli a large |nnch of the earto- 
ate. After 10 m. the glands sho’ivcd a considerable degree of aggrega- 
tion* and tlio protoplasm lining the cells of the ^>edicel 3 was a little 
t^l>arated from the walU. Another leaf was left for 50 in, with ihe 
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Slime rosiiltf excepting that the hairs beeiatrie tlimughcnit tlieir ivholc 
lenutli of brownbli colour. In a third lojif, whidi was exiwed for 
1 hr. 50 in., thero was much a^^gregated matter in the glands; and 
eomc of the inapsca si lowed signs of breaking up into brown granular 
matter* Tliifi leaf w'as again placed in tbe vajutar, so that' it was 
oxposcil altogether for 5 hrs. 30 m.; and now, though I examined 
ft large tnimlMir of glands, aggregated masses were found in only two 
or three ; in all the others, the masses, which liefore haul liccn globular, 
were converted into brown, opicpie, granular matter* We thus Bee 
that exijosurc to the vaix^ur for a considerable time proiluces^tbe same 
effects as long immersion in a strong solution. In Ixjth cases there 
could jiardly Ik; a doubt that the salt bad been absorbed chiefly or 
exclusively by the glands. 

On another occasion bits of damp fibrin, dro|w of a weak infusion of 
raw meat and of ivatcr, were left for 24 hr&* on some leaves ; tbe hairs 
were then examined, but to my aurpriBe dtfft‘rc<i in no res|K;ct from 
others which had not been tone lied by these fluids. Most of the ctdis, 
however, include^l liy aline, motionless little spheres, wlitch did not 
seem to consist of protoplasm, but, 1 suppose, of some balsam or 
essential oil, 

Pehiryoftium zonede (var. edged ivitlnvbite). — Tim leaves arc dotbed 
w'ith numerous nmlticelliihr hairs; some simply jiointed ; others 
lieai'ing glandular heads, and differing much ifi leiigih. The glands 
on ft piece of leaf iverc examined and found to contain only a limpid 
liiiid; most of tlio Writer was removed from liencatli the covering gla;^?, 
and a mimitc drop of one ]Kirt of carbonate of ammonia to 116 of w-ater 
ivas addeii; «o that an extremely simiU dose was given. After an 
interval of only 3 m. there were signs of nggregati iin wntldn the glands 
ol the shorter hairs; and after o m, many sm^ll globules of a pale 
brown tint appeared in all of them ; similar globulcjs luit larger, being 
fuund in the large glands of the longer hairs. Alter the sjMiciinea had 
been left for 1 hr* in the solutirin, many of the smaller globuleB had 
changeii their pc;sition5 ; and two or thrive vacuoles or small spheres 
(for i knoiv not which tVicy were) of a rather darker tint appeare<,l 
within some of tbe larger glolmles. Little globules could now be seen 
in some of the uiniermost cells of tbe pedicels, and tbe protoplasmic 
lining WBB slightly sei>ara toil from the w-allsofthe lower cells. After 
- hrs. 30 m. Iiom the time of first immersion, the large globules 
within the glands- of the longer hairs were ci>nverttKl into mabises^oi 
darker brown gramilar matter. Hence from w-hat we have sceii^Tivith 
l^rimuJa siaensis^ there can be littlo doubt that these masises originally 
consiate^l uf living protoplasm. 

A drop of a w'eak infusion of raw mc&t w'aa plaCCtl on a leaf, and 
after 2 hrs. 30 m. numy spheres could lx; seen within the glands. 
These spliereB, when Imjkeil at again after 30 m., had slightly ehanged 
their jK«itious and forms, and one bad ae^iaratoel intotivo; but the 
changes were not quite like tliose wdiich tue protoplasm _ of Hrosera 
utideruoGs, These hairs, moreover, had not been examined before 
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iinmersion^ find tlitjre were similar sph-tres in Kome glands wlikli had 
not VKjen touclu‘<i. by tlic infusion. 



Erica irHruUx. — A few long glaiulular iniirs project ffom the 
inarguiR of tlio upper Biidhccs of tlie hitives. The pedlcdft are friirmed 
of several rows of cells^ aud supi^rt rather large globular hcads^ 
secreting viscid matter^ by which mi nut e iiiRocts arc oecasiionally 
tliougli rarely, cauglit* Sijme leaves were left for hrs. in a weak 

infusion of ra,w meat and in water^, and the hairs T,vere tbea com- 



con tents of the colls seemed rather more granular than they were 
Ijcfore ; but the granules did not exhibit any movement. Other 
leaves were left for 23 hrs. in a solution of one part of carbonale- of 
animonia to of water, and bere again the granular matter a]>peaied 
to liave increased in amoutit; but one such mass retained exactly tlio 
same form as before after an interval of 5 lir.s*, st> that it could hardly 
Jiave consisted of living protoplasm. These glands seem to have very 
little or no penver of ahsoq>tion, cei talnly much less than thcffie of the 
foregoing plants. 

MirabliiA hufjiJiura—'^\\% stems and both surfaces of the leaves 
bare viscid liairs. Young |dants, fiMm 12 to 18 inches in height in 
iny green tiouse, caught so many minute J)i]dera, Ooleoptera, and 
livnai, that they were quite dusted wjth them, 'fhe hairs are slnirt, 
of uneqn:il lengths, formed of a single roiv of cells, surmounted by an 
eiilarged cell which secretes vi?icid matter. These terminal cells or 
glands contain granules and otten globules of granulnr matter. 
Within a gland which had caught a small insect, one such mass 
\vas observed to undergo incessant changes of form, with the occa^ 
sional appearance of viicuoles, Ikit 1 do not believe that this 
protoplasm had Ixion generated by matter abaorlHid from the deiid 
insect ^ for, on comparing several glands which had and Lad not 
caught iusMsets, not a shade ot dilference could 1^ perceived between 
them, and they all contaiiipd Lne granular rnattern. A piece of leaf ■ 
waa immersed for hfj^, in a sclution of one i>ivrt of carbonate of 
animonia to 218 of water, but tlio hairs seemed verj" little artccied by 
it* excepting that picrhajis the glands were rendered rather more 
opjique. In the leaf itself, however, the grains of chlorophyll near 
the cut surfaces had run togetlier, or become aggregated, ^'lor wer6 
the glanrlti on enotlier leal', after an immersion fur 2d hra. in an in- 
fusion of raw meat, in tlie least aB'ected j hut the protoplasm lining 
the cells of the ^lediccls had shrunk greatly from tlio walls. This 
J Litter effect may have li>ceu due to exosiiiose, the infuEion w’ss 
strong. W^e may therefore ooneludo that the glands of this I'lliut 



]iared, but they difleml very little ot not at all. In both cases the 



either have no jiower of absr>rption or tiiat the j^mtoplasm which they 
contain is not acted on by a solution of carbtaiaic of aminoDia (and 
tliLs seems scarcely ci-edihle) or hv an infusion of meat. 
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djuiclrf are formed of many ctills, containing green I bIi matter witli liKl^ 
gtobcilcs some subBtance. Leavtss ivere left in an lufuaion of t-i ^ 
U 3 cat and in water for 2G lira., but pwiited no ditference Somn'nf 
tliese H-amc leavea were tlnii left j'or above 2 in n solution uf 
carltonate of ammonia, Init no clfcct was pTrxluccil. I regret that 
other exjicrimenta were not tried with more care, as M. SdilMsin^^ han 
si] own* that tobacco idants snpjdieJ with the vajxmr of ca.rbonate c f 
animoji a yield on analysis a greater amount of nitrogen ihan other 
platJt^ not thus treated ; and, from what we have seen; it is nrolmble 
that sume of tlie vaponr may be absorlied by the glandular hairs, 

Simmanj ihe Ohservatwm on Glandulnr Halrs.^From 
the forog:oiiig ol>servatioiia, fe^v ng they are, Ave see that the 
glands of two species of Saxifraga, of' a Primula and Polar^ 
gonium, have tho powder of rapid absorption ; uliercas the 
glands of uu Erica, l^lirabilis, and Kicotiana, either Jiavo no 
such power, or the contents of the cells are not affected bv 
the fluids employed, namely a solution of carbonate of 
ammonia and an infusion of raw^ meat. As the glands of 
the Mirabilig contain jirotoplasm, which did not become 
aggregated from exiMSurc to tho fluids just named, thoufrh 
the contents of the cells in the blade of the leaf were greatly 
affected by carbonate of ammonia, may infer that they 
cannot absorb. Wg may further infer that the innuniCTabfe 
insects caught by this plant are of no more service to it 
than are those which adhere to the deciduous and sticky 
scales of tlio leaf-buds of the horse-elicstnut. 

The most interesting case for us is that of the two species 
of Saxifraga, as this genus is distantly allied to Droseru. 
Their glands absorb matter from an infusion of raw meat, 
from solutions of the nit t ate and carlxmate of ammonia, and 
apparently from decayed insects. This w'as showui by the 
changed dull purple colour of tho protoplasm within the cells 
uf the glands, by its state of aggregation, and apparently by 
its more rapid epoutaucous movemeTitg. I'ho aggrcgsitin"- 
process spreads from the glands dowm the pedicels of the 
hairs ; and we may a^ssumo that any matter ivhich is absorbed 
ultimatedy reaches the tissues of the plant. On the of he]' 
hand, the process travels up the hairs whenever a surface 

cut and exposed to a solution of the carbonate of animonhu 



* ' Crtriptea renJus/ June IS, 187X A ifooi abstract of th'n ])a[her fs 
■given in the ‘ Gai'deni^jf’^s Chronid&/ July 11, 1874. 
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Tho on tho fiijwer-stiilks a in I leaves of PrmuJa' 




ahiensiit quickly absorb jx Bolution of the carbonate of aiunionia . 

and the protoplasm which they contain becomes aggrej^ated, ^ 

The process was seen in some eases to travel from, the glands 
into the upper cells of the pedicels* Exposure for 10 m* to 



leaves were left from G hrs. to 7 lirs. in a strong solution, 
or were long exposed to the vapour, the little masses of 
protoplasm became disintegrated, brown, and granular, and 
were apparently killed. An infusion of raw meat produced 
no ett'ect on the glands. 

The limpid contents of the glands of Pelargmium z(fnale 
became cdoudy and granular in from d m. to 5 m, when they 
were immorscd in a weak solution of the carbonate of ara- 
inouia ; and in the course of 1 hr. granules appeared in the 
iipi>cr cells of the pedicels* As the aggregated massef> 
slowly changed their forms, and as they sutfered <lisiutegra- 
tion when loft for a considerable time in a strong solution, 
there cun be little doubt that they consisted of pVotoplasim 
It is doubtful whether an infusion of raw' meat produced any 



power, at least in some cases, of absorbing both a solution 
and the yapour of ammoniia. As rain-water contains a small 

i^errPTita fiTfi nf atii TiH'm 1 j-i. nnrl ■r"! + ^ n JT. W + 1 4 ^t» 






^ ilT son Fmncis ccunteil the (the lai-gor ones heiog a little more 
h^iriii on a space measurei by means thnti 2 inches in diameter) was now 

of a microtneter, and found Hint selected, aod the area of all thf 

there weir& 35,ddd on a si^nare incti leaves, together with their footstalks , 

of the upper surface of a leaf, and (the flower-stem.^ not hoing included)' 1 

:10, 035 on the lower BiirEacc ; that is, was found by a planimeUr to be 

ill about the_ proportion of lOOoti tho 3y^2S5 square inches; so that the 

upper to 85 on the lower surface, area of both surfaces was 

Oq a square inch of both aurfjiioea square 3 aches. Thus the plant (ei- ' 

there were 6o,371 hair^. A moder- eluding the flower-steros) must have 

41 tel y fine pbint bearing twelve leaves home the astonishing number of 



the vapour of this salt likewise iudneed aggregation* "tVheu 



The glandular hairs of ordinary ]>hiutH have generally 
been considered by physiologists toT serve only as secreting 
or excreting organs, but we now kiioiv that "they have the 
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»miiiouia brought to Ihem hy tlie ifiin. It is morcoTor 
prolrable tlmt the ^lumls of soiiiG of the above-named plants 
obtain animal matter from the iusectsi which ara oocaslonally 
entangled by the viacitl secretion* ^ 



CONCLUmNG KtlMARKS ON THE. DrOSERACE.E* 

The six kmmm genera comfwsing this family have now 
been descrilHAl in relation to our pre&tmt subject, as far as 
luy moans have |>ermitted. They all capture insects* Thia 
IB "effected by I)ro&ophynnm, Itoridulu, aud llyblis, solely by 
the viscid tin id secreted from their glunds ; by Drosera* 
thitmgli the samo means, together ivith tho movements of 
the tentacles; by Dioiioea and Aldrovanda, through the 
closing of the blades of the leaf. In these two last genera 
rapid movement makes Tip lor the loss of viscid secretion. 
In every case it Is some part of the leaf which moves. In 
Aldrovanda it appears to bo the basal parts alone which* 
contract and cariy^ w ith them the broad, thin margins of the 
lobes. In Diona>a the whole lobe, with the exception of the 
marginal prolongations or spikes* curves inwards, though 
the chief seat of movement is near the midrib* In iDroseia 
the diief scat is in tho low er part of the tentacles^ w^hich*. 
homologically, may lie considered as prolongations of the 
leaf; but the whole blade often curls iuwards* converting 
the leaf into a temporary stomachi 

There can hardly be a doTibt that all the plants helongiug 
to these six genera liave the power of dissolving animat 
matter by the aid of their secretion, w’hich contains an acid* 
together wdth a ferment almost identical in nature with 
jx'psin; and that they afterw-ards absorb the matter thus 
digested. 'This is certainly the case with Drosera, Droso- 
phyllum, and I>iona?a ; almost certainly with Aldrovanda ; 
and, from analogy, very probable with Itoridnla and 15yblis. 
^Ve can thus understand bow it is that the three first-named 



2|ii}GSjO0O glandular hairs. The hairs 
were counted late ib the autuniti, iiiid 
hy the following «priiig the 

leaves of some other j>lauts of the 
Siinie lot Vi'Ci'c found to be fivni one- 
thtrj to one-fourth broader and 



longer than they wer& before; 50 
that no doubt the glandular haiJ^s 
had inorftased in nuiuher, and jj‘c- 
baUy now much cioeeded flirtc- 
inillioiks. 
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f^enora aro provided with stieh small roota,* and that Aldro- 
vanda is quite rotitloss ; about the roots of the two other 
^enora nothing ia known. It la, no doubt, a surprising fact 
that a Tvhole group of plants (and, as wo shall presently 8&e, 
«orac other plants not allied to tlie Droaeraceui) should 
subsist partly by digesting animal niatt^ 3 i% and partly by 
decomposing carbon io acid, instead of exclusivoly by this 
latter means, together with the absorption of matter from 
the soil by tlie aid of rtwts- W^e have^ however, an equally 
anomalous case in the animal kingdom ; the rhizocephalous 
■crusUceana do not feed like other animals by their mouths^ 
for they aro destitute of an alimentary canal; but they live 
by abMorbing through root-like processes the juices of the 
animals on ■\^diieh they are parasitic.f 

Of the six genera, Drosera has been incomparably the 
most successful in the battle for life ; and a large part "of its 
success may be attributed to its manner of catching insectg* 
It is a dominant form, for it is bcdleved to include about lOO 
speeies4 which range in the Old AVorld from the Arctic 
regions to bouthem India, to the Capo of Good Hope, 



* [F rftustadt ( Di ssert Ati (m, Kresla u , 
1876) ahrtws that the roots of £>i>uiia?ii 
Are by no means smaiJ, In aoother 
Breslau Diasertation (1887) OUd 
reozi^ shows that the iioota of 
DronuphijUnni are al.so 

developed^ Pfefthr (‘ Lautlivirtht 
JahTbucher,' 1877) iHfints out that the 
argument fruiti the s»ma1L deTtlop- 
merit of roots iii some carnii^oroua 
plants U Valueless, bacanfie the SEiine 
slate of things I's found, iti manv' 
marsli and aquatic plants w'hick 
neither catch uor digest insecte, — 
F. D.] 

t Fritj JlriUei', * Facts for Darwin,' 
Kng. trans. 1869, p. 139. The rhuc- 
ceplmlrtus c]'ua.taceaDs are allied to 
the cirripedes^ It is hardly possible 
to imagiue a greater difference thniu 
that between au animal with pre- 
hensile limbs;, a well - constructed 
mouth and alimentary caiuU, and One 
destitute of all these organs anil 
feeding by absorption through branch- 
dtig root-like ju-ocesses. if one rare 



ciTi'jpeH]e, the squaltc^ts^ 

had become e.rtlnct, it would have 
been \-ery ditlioijit to conjecture how 
so enormous a change could have 
been gradually etfecteih But, as 
Fritz ilillEer remark s, we have ia 
.Aiiela,snia an animal in an ahnosi 
exactly intprinediatc oomlition, for it 
hits root-1 ike processes embedded io 
the skin of the shark on which it is 
parasitic; and its prehensile cirri and 
moutli (as described in my monograph 
oil the LepadidsE, * Uay Soc.’ iSol, 
p. H59) are iu a most feeble and 
almost rudimentary condition^ Dr, 
II. K^issinanu has given a very in- 
terest i tig disetissiou on this subject 
In bi« ^.Siicto3‘ia and LnfiudidaE,* 1873, 
See dliKO, Dr. Ikihrn, M)er Unsprung 
den Wirbelthiere,’ l87b, p. 77, 

X Beiithara and Hooker, * Genera 
Plantnrutn." Australia is the me- 
tropolis of the genus, forty- ene 
ape-rjies having been Jascribed from 
this country* as Prof. Oliver inlonns 
me* 
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Madagascar, and Australia; and in th^ Xew IVnrLl 
Oan^la to del Fuego. In tlii, re^poet it presents n 

markeJ contrast with flvo other genera, which anncar 
to failing groups Diontea includes only a single secies 
winch IS contmcd to one district m Carolina. The three 
varieticu or closely allied species of Aldrovanda, like so munv 
water-plants, have a wide range from Central Europe to 
Bengal and Australia. Drosophyllum includes Only one 
species, limited to Portugal and Morocco. Uoridula and 
Byblis each have (as I hear from Prof. Oliver) two species ■ 
the former confined to the western jiarts of the Capo of Good 
Hope, and the latter to Australia. It is a stran<re fact that 
Diona'a, which is one of tho most beautifully adapted plants 
m tho vegetable kingdom, should apjrarently ho ou the hhdi 
road to extinction. This is all tho more strange as the 
orgMS of IJiontea are more highly dieferontiatal than tliosc 
01 JJnos^ra; its nlauient^g eeive oxchisiTolv as ori^sius of 
toucii the lobes for capturing insects, and the glands, when 
cseitcdj for Eccrotion ns well as for absorption ; ^v^herea® with 
Droscra the glands serv^e all those purposes, and secrete 
\ntIiout being excited. 

By comparing tho Btmcttire of the leaves, their dcgiec of 
complication, and their rudimentaiy parta in the six genera, 
^v(i are led to infer that thoir common parent form partook 
of the characters of Drosophjllura, Roridula, and Byblis. 
The leaves of this ancient form were almost certainly linear, 
perhaps divided, and bore on their np]>er and lower surfaces 
glands which had the power of secreting and absorbing, 
home of these glands were mounted on pedicels, and others 
wore almost sessile ; the latter secreting only when stimu- 
lated by the absorption of nitrogenous matter. In Byblis 
the glands consist of a single layer of cells, supported gn u 
Unicellular pedicel ; in Koridula they have a more complex 
structure, and are supported on pedicels formed of several 
rows of cells ; in Drosophyllum they further include spiral 
t'ells, and the pedicels incluJo a bundle of spiral vesBola. 
But in these three genera these organs do not possoss any 
I^wer of movement, and there is no reason to doubt that 
they are of the nature of hairs or trichomes. Although in 
innumerable instances foliar organs move when excited, no 
i^^se IS known of a tricliomo having such power.* We aiv? 

* ^iidia, ‘Train! dc liGtGnif|iiij,’ ^rU eJit. J.^j74, p. 1020. 
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tliiis led to inqiiiro Iiow the &o-callefl tentacles of Droeera, 
which are manifestly of the samo general nature as the 
glandular hairs of the al.iove three genera, could have 
acttuircd. the power of moving. Many botanists inaintaiu 
that thoso tentacles consist of prolongations of the leaf, 
bocauae they include vascular tissne, but this can no longer 
be considered as a trustworthy distinclion.* Tlio po-ssession 
of the power of movement on escitement would have been 
safer evidence- Eut vdieii -wo consider the vast number of 
the tcnacles on both surfaces of the leaves of Urosophyllum, 
and on the upper surface of the leaves of Drosera, it seems 
scarcely possilile that each tentacle could have ahoriginallv 
existed as a prolongation of the leaf, Koridula, perhaps, 
shows us how we may reconcile these difBculties with respect 
to the homological nature of the tentacles. The lateral 
divisions of the leaves of this plant terminate in long ten- 
tacles y and these include spiral vessels which extend for 
only a short distance up them, with no line of demarcation 
between what is plainly tlie prolongation of the leaf and 
the pedicel of a glandular hair. Tliereforo thcro would be 
nothing anomalous or unusual in the basal parts of these 
tentacles, which correspond with tho marginal ones of 
Drosera, acquiring the i lower of movement ^ and we know 
that in Drosera it is only tho lower part which Ijiccomes 
iudected. But in order to understand how in this latter 
genus not only the marginal but all the inner tentacles have 
become capable of movement, wo must furtlior aKsumc, cither 
that through the principle of correlated development this 
power was transferred to the basal parts of the hairs, or that 
tho surface of the leaf has been prolonged up'wards at niimor- 
ous points, so as to mii)c with the hairs, thus forming tho 
bases of the inner tentacles. 

The above-named thieo genera, namely Drosophjllum, 
Koridnla, and Eyblis, which appear to have retained a 
primordial condition, still bear glandular hairs on both 
surfaces of their leaves; but those on the low^er surface 
liavo since disappeared in the more highly developed genera, 
with the partial excc]>tioii of one species, Drof^ura 
The small sessile glands liavo also discippcared in some of 



• Dr. liVarmiag, *SiEr la Diifer^nce 
outre les Trichomes,' Copenhupue, 
1373, p. G. Eitralt dea Videcska- 
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the gene™, being replace.! in Koridula by l.aite, and i„ 
inea 6pee.es of Drasera by absorbent papiU®. ’ 
bittaia, with iLs linear and bilurcatiufj leaves is h. IT 
mediate ooTiditicn. It still bears some sessile glands on b^tli 
surfaces of tlie leaves, and on tbo lower surface a f 
irregnlarly placed tentacles, which are incapable of inovn 

nient. convert the linear 

leaves of this latter species into the oblong leaves of Drosera 
OHjrUca and these might oasHy pass into orbicular ones 
with footstalks like those of Drmem rotundiMia. The 
footefalks of this latter species bear mnlticollular hairs 
ivhicli we have good reason to believe represent aborted 

[011X41^1 

Tli 0 parent form of Dloiiaia aud AldroYanrla tw^eme to havc^ 
been do-selj allied to l>iosera, and to have had rounded 
leaves, supported on distiDCt footatalkt^, and furnished with 
tentacles all round the circnmferenco, with other tentacles 
aud fiessilc glands on the upper surface. I think so because 
the marginal spikea of Dionaia apparently represent the 
estreme marginal tentaelcs of iJrosera, the six (somotimes 
eight) aonaitive Jilameuta on the upper surface, as well a& 
the more numerous ones in Aldrovanda, representing the 
central tentacles of Drosera, with their glands aborted but 
their scmsittveneas retained. Under this point of view wo 
should bear in mind that the summita of the tentacles of 
Drosom, close beneath the glands^ are seneitivo. 

The three most remarkable characters poseessed by the 
several niembers of the Droseraceai consist in the leaves of 
some having the power of movement when excited, in their 
glands eecreting a fluid which digests animal matter, and in 
their aVisorption of tho digested matter. Can anj" light 
thrown ou the steps by which these remarhable powers were 
gradually acquired ? 

As the ’walls of the cells are necessarily permeable to 
nuitls, in order to allow the glands to secrete, it is not 
surprising that they should readily allow fluids to pass in- 
^vardsj and this inw'ard passage would dej^ervo to bo called 
aot of absorption, if the fluids combined ’with the contents 
of the glands. Judging from the evidence above given, the 
secreting glands of many other plants can ahsorh salts of 
ammonia, of which they must receive small quantities from 
tile rain. I'his is the case with two species of Sas:ifmga. 

u 2 



j ' 
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and the ^laiulB of one of tbom apparently absorb matter from 
captured inaoclB^ and certainly from an infnsion of raw meat. 
There is, thereforOj nothing anomaloua in the Droeoracea' 
having acquired the power of absorption in a much, more 
highly developed degree. 

It ifi a far more romarkahle problem how the memhers of 
this family^ and Pinguicula, and, aa Dr. Htwker has recently 
«howE, Nepenthes, could all have acquired the power of 
secreting a fluid which disBolves or digests animal matter. 
The BIX genera of tho Droseiacea? have probably inherited 
this power from a common progenitor, but this cannot apply 
to Pinguicula or Nepenthes, for these plants are not at all 
closely re) atetl to t ho Droseracea^. But the difficulty i a not 
nearly go great us it at first appears. Pirstlj", the juices of 
many plants contain an acid, and, apparently, any acid 
serves for digestion. Secondly, as Dr. Hooker has remarked 
in relation to the present subject in his address at Belfast 
(1874), and as Sachs repeatedly insists,* the embryos of some 
plants secrete a fluid which dissolves albumioous eubstances 
out of the endosperm ; although the endosperm is not actually 
united wdth, only in contact with, the embryo. All plants, 
moreover, have the power of disBolving albuminous or proteid 
substances, such as protoplasm, chlorophyll, gluten, aleurniie, 
and of carrying them from one part to other parts of their 
tisanes. I'his must be effected by a solvent, probably cou- 
si feting of a ferment together with an acid.l Now, in the 
case of plants w hich are able to absorb already soluble matter 
from captured insects, though not capable of true digestion, . 
the solvent just referred to, ’which mu at be occasioDully 
present in the glands, would ^ apt to exude from the glands 
together with the viscid seci'otioii, inasmuch as endosmose 
is accompanied by exosmoso. If such exudation did ever 
occur, the solvent w'ould act on the animal matter contained 
wnthin the captured insects, and this would be an act of true 
digestion. As it cannot bo doubted that lliis procesB would 



* *Traite tie Botanique^^ 3rJ edit. 
1-874, p. S44. S^e also for foU-chwing 
facts jtp. 6+, 76, 831. 

t this sentence was wTitton, 

I have roccivciJ a |Kaper Ly Gonip- 
Ijeaanez (* Eerichttf der Deiitschen 
Chem, Gesellschaft,* Berlin, 1874, p. 
1.478), whn, with the aid of Dr, 11. 



Will, has actually maAk Hie diseoyery 
that tha seeds of the vetch con tala a, 
ferment, which, ivlieu eItl■acte^l by 
glycerine, dissolves albuTn incus sub- 
stances, such as fibrin, nnd ecu vert* 
them into true peptones. 
ever, Vines^ *Fhysiclt>gy of Flinty 
p. 190. — F, D,1 
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he of liigli servico to plants growing In Roil it 

would tODcl to lio perfected through natural selection. There- 
fore, auy ordinary plant having vhoid glands, which 
occasionally caught insects, might thus he converted under 
favourable circumstances into a species capable of true 
digestion. It ceases, therefore, to be any great mystery how 
several genera of plants, in no way closely related toother 
have independently acquired this same power, ° ^ 

As there exist several plants the glands of which cannot, 
far as is known* digest animal matter, yet can absorb salts 
of ammonia and animal fluids, it is probable that this latter 
power forms the first stage towards that of digestion. It 
might, however, happen, under certain conditmns* that a 
plant, after having acquired the power of digestion, should 
degenerate into one capable only of absorbing animal matter 
in solution, or in a state of decay, or the flnal products of 
decay, namely the salts of ammonia. It would appear that 
this has actually occurred to a partial extent with the leaves 
of AldrovanJa ; the outer parts of which possess absorbent 
organs, hut no glands fitted for the secretion of any digestive 
fluid, these being confined to the inner parts. 



Little light can he thrown on the gradual acquirement 
the third remarkable character possessed by the more highly 
developed genera of the Droseiace®, namely the power of 
movement when excited. It should, however, he borne in 
mind that leaves and their homologues as well as flower- 
peduncles, ha VO gained this power, in in numerable instances, 
independently of inheritadco from any cemmon parent form ; 
for instance, in tendril -hearers and leaf-climbers (i.<3. plants 
with their leaves, petioles and flower-peduncles, &:c., modified 
for prehension) belonging to a large number of the moiit 
widely distinct orders, — in the leaves of the many plants 
which go to sleep at night, or move when shaken, — and in 
irri table stamens and pistils of not a few' species. We may 
therefore infer that the power of movement can be by some 
means readily acquired. Such movements imply irritability 
or sensitiveness, but, as Cohn has remarked,* the tissues of 
the plants thus endow ed do not differ in any uniform manner 



See the atati’H'Ct of his mciiioir o[i the cofltrJictile Ihsues of plfl-ets, in tlie 
^.lunals ami Alag. of lliit.’ iJri.1 soriesj vol. sE. p. IBS, 
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from thoao of ordinary’" platita ; it is tlierefore probable that 
all leaves are to a slight degree irritable. Even if an insec™ 
alights on a leaf, a slight molecular change is probably trauK^ 
raitted to fiomo distance aeroiKS its tissue^ with the sole 
difference that no perceptible effect is produced. We have 
some evidence in favour of this belief, for wo know that a 
single touch on the glands of Erosera docs not excite inflec- 
tion j yet it must produce some effect, for if the glands have 
l>een immersed in a solution of camphor, inflection follows 
within a shorter time than would liave followed from the 
effects of camphor alone. So again w itli Dionaia, the blades 
in their ordinary state may be roughly touched without 
their closing ; yet some effect mnat bo thus caused and trans- 
mitted aoroKS the whole leaf, for if tho glands have recently 
absorbed animal matter, even a delicate touch causes them 
to close instfintly. On tho w'hole we may conclude that 
the acquirement of a high degree of sensitLvene.«a and of 
the po\ver of movement by certain genera of the Drose* 
raceaj presents no greater difficulty than that presented by 
the similar but feebler powers of a ninltitudc of other plants. 

The specialised nature of tho sensitiveness possessed by 
Drosera and I lion tea, and by ccifain other plants, well deserves 
attention. A gland of Erosera may be forcibly hit once, 
twice, or oven thrice, without any effect beiug produced, 
whilst the continued pressure of an extremely minute particle 
excites movement. On the other hand^ a particle many 
times heavier may be gently laid on one of 4ho filameniB of 
Dionaia with no effect ; but if touched only once by tho slow 
moveinont of a delicate hair, tho lobes close j and this differ- 
ence in the nature of the sensitiveness of these two plants 
stands in manifest adaptation to their manner of capturing 
insects. Ho does the fact, that wdien tho central glands of 
Erostsra absorb nitrogenous matter, they transmit a motor 
impulse to thoi exterior tentacles much more quickly than 
when they are mechanically irritated | whilst wdth Eionsea 
the absorption of nitrogenous matter causes the lobes to j resa 
together ’with' extreme filcwnessi "whilst a touch excites rapid 
movement. Some’what analogous case^a may be observed, as 
I have shown in another w^ork, with tho tendrils of various 
plants ; some being most excited by contact with fine fibres, 
otho^ by contact with bristles, "others with a flat or a 
creviced suriace. Tho sensitive organs of Drosera and Diont^a 
are also specialised, so as not to ho uselessly affected, by the 
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weight or impact of drops of rain, or by blfista of air. This 
may bo aocoimted for by supposing that these plants and 
their progenitors have grown accuKtomed to the iei>eated 
action of rain and wind, so that no inolecular change is thus 
induced; whilst they have boon rendered more senaitivo by 
means of natural selection to the rarer impact or pressure 
of solid liodics. Although the absorption by the glands 
of Dro5ora of various fluids excites movomeiit, there h a 
great difference in the action of allied fluids ; for iustancx? 
between certain vegetable acids, and between citrate and 
phosphate of ammonia. The specialised nature and per- 
fection of the sensitiveness in these two plants is all the 
more astonishing as no one supposes that they possess 
neives ; and by testing Drosera with severtil subx^tances 
which act powerfully on the nervous system of animals, it 
does not appear that they include any diffused matter 
analogous to iierve-ti&Bue, 

Although the colls of Drosera and Dionaja arc (luite as 
sensitive to certain stimulants as are the tissues which 
Eurroimd the terminations of the nerveg in the higher animals, 
yet these plants are inferior even to animals low dow'ii in the 
scale j in not being affected except by stimulants in contact 
with their sensitive parts. They w^onld, however, probably 
be affected by radiant heat ; for ^vann water excites energetic 
movement. When a gland of Droscra, or one of the filaments 
of Dlonuea, is excited, the motor impulse radiates in all dlrec* 
tions, and is not, as in the case of animals, direxited towards 
special points or organs. This holds good oven in the case 
of Drosera when some exciting substance has l>eon placed at 
two points on the disc, and when the tentacles all round nro 
infleoied with marvellous precision towards the tw'o points. 
The rate at which the motor impulse ia transmitted, though 
rapid in Dionsca, is much slower than in most or all animals. 
This fact, as well as that of the motor impulse not helng 
specially directed to certain points, arc both no doubt due to 
the absence of norvos. Nevertheless ive perhaps see the pre- 
figure mont of the formation of nerves in animals in the trans- 
migaion of tho motor impulse being so much more rapid down 
the confined apuoc wdthin the tentacles of Drosera than elBe- 
where, and somewhat more rapid in a longitudinal than m a 
transverse direction across the disc. These plants exhibit 
still more plainly their inforiority to animals in the absence 
of any reflex action, except in so far as the glands of Drosera, 
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when excited from a distance, send back some influence which 
causes the contents of the cells to become aggregated down 
to the bases of the tentacles* But the greatest inferiority of 
all is the absence of a central organ, able to receive impressions 
from all points, to transmit their efiects in any definite 
direction, to store them up and reproduce them. 
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CHAPTER XVL 



PlNGUrCULA. 

PinguMi uilgans-StTmtur^ ofltuves-Nt, tuber of injects and other oLieet^ 
cnuEht-31o vein sot cf the iDargini of the leaves— Uses of tim movement 
—Secretion, digeaticn, and absorption— Action of the secretion on various 
animal and vegetable subiitaaces— The cflocta of substances not containing 
soluble Piti-ogenous matter on the gUn^i^Piatjuiciiia ffrandiff^—Pin- 

ijuicuAi catcher iiisects-llovement of 'the leavei^ secretion and 

digestion. 



PiNGUiCULA VULGARIS,— Tins pknt grows in mokt plaoe^; 
general Ij on mountains. It bears on an average eight 
rather thick, oblong, light green * leaves, having scarcolv 
any footstalk. A fnll-eized leaf ia abont 1] inch in length 
and J inch in breadth. The yonng central leaves are deeply 
concave, and project up’wards; tho older ones towai'da the 
outside are flat or convex, and lie close to the ground, form- 
iug a rosette from 3 to 4 inches in diameter. The margins 
of the leaves are incurved. Their upper surfaces arc thiddy 
covered vvith two sets ot glandular hairs, differing in the 
size of the glands and in the length of their pedicels. The 
larger glands have a circular outline as seen from above, and 
Hrre of moderate thickness; they are divided by radiating 
partitions into sixteen cells, containing lighkgreon, homo 
gene oil s fluid. They are supported on elongated, unicellular 
pedit^ls j^oontaining a micleua with a nucleolus) which rest 
On slight prominences. The small glands differ only in being 
formed of about half the number of cells, containing much 
fakr fluid, and supported on much shorter pedicels. Near 
the midrib, towards the base of the leaf, the pedicels are 
niulticellular, aro longer than elsewhere, and bear smaller 
glands. All the glands secrete a colourless fluid, which is 
ao viscid that I have seen a fine thread drawn out to a length 



*j;Acc&nling to Batalin (‘Flora,’ 
the yeilowi0h-gr®«ti colour is 
|wtuUar^to pl^iTitvH grown in alroug 
being replaced bj^a more lively 



gr^fl'n iu plants grown in shaiy places, 
it 13 due to ft yellow homogeneous 
subitance found in iho epideriuftl 
cells and in the glands.— F. !>,] 
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of 18 inchefj ; hiit the fluid in tliiB caso waf? secreted by a 
gland Tivbicb bad been excited. The edge of the loaf ig, 
tranfelucent, a^nd does not bear any glands ; and hero tho 
spiral vessels, pTOcecding from tho midrib, teiTiiinate in cells J 
marked by a spiral line, soincTvbat like those within the 
glands of Droscra, 

Tho roots aro short. Threo plants wore dug up in North 
Wales on June 20, and carefully washed ; each bore five or 
six unbranched roots, the longest of wbiob was only 1*2 of j 
an inch. Two rather young plants wore examined on 
September 28 ; these had a groate*r nuniber of roots, naraelv* 
eight and eighteen, all under 1 inchin length, and very little 
branched. 

I -was led to investigate the habits of this plant by beicg 
told by ]Mr, W. Marsliali that on the niountams of Cumber- 
land many insects adhere to the leaves. 



A friend sent me on Juno 23 tiiirty-niuo leaves from North Wales^ 
which were sclecteil owing to objects of some kind adhering to tbecL 
Of tliese leaves* thirty-two had caught 142 insects, or cm an average 
4*4 per leaf, minute fragmentsi of insects not being included. Besides 
the insects, small leaves belonging to four different kinds of plants, 
thoi^ of £riea tetralix being much tho commonest, and three minute 
aeeclUng plants, blown hy the wind, adhered to nineteen of the leavesv 
One had caught as many ati ten leaves of the Erica. Seeds or fruit?, 
commonly of Carex and one of Juncus, besides bits of moss and other 
rubbish, likewise adhered to six of the thirty-nine leaves. The same 
friend, on .Tune 27* collected nino plants bearing Ecvellty-four leaves* 
and all of these, wdth the exception of three young leaves, had caught 
insects ; thirty insects were counted on one leaf, eighteen on a second* 
and sixteen on a third. Another friend examined on August 22 some 
plants in Donegal, Ireland* and found insects ou 70 out of 157 leaves* 
fifteen of these leaves were sent me, each having caught on an avera^ 
2 ■ 4 insects. To nine of them* loaves (mostly of Erica telralix) ad- 
hered ; but they had been specially flelected on this latter account. I 
may add that early in August my «on foimd leave? of this same Erica 
and the fruits of a Carex on the leaves of a Finguicula in Switzerland, 
probably Finguicula aipina; some insects, but no great number* also 
adliered to the leaves of tiiis plant* which had much bettor developed 
rooU than those of Finguicula vulgaris. In Cumberland, ^ifr. 
Mar.shall* on September 3, carefully examined for me ten plants 
iKjaring eighty leave?;, and ou sixty-three of these (i.c. on 73 ijer 
cent.) ho found insects, 143 in number; so that each leaf had on an 
average 2 ‘27 insects. A few days later ho scut me some plants with 
sixteen seeds or frmts adhering to fourteen leaves. Tliere Tivas a seed 
on three leaves on tho same plant. Tlie sixteen seed? belouged to 
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nine difift?rGiit tinds, wliich con LI not bo recognised* excepting one of 
Bantmculus, nnd several l>elonging to three or four dbtinct BiwdcB of 
Garex, It ap]waTs tliat fewer iQJsccta arc caught Lite in the year than 
earlier; thus in Oumberlarul from twenty to twenty-four insects were 
observed in the middle of July on several leaves^ wheroEis in the 
beginning of Set>tember the average number wria only 2*27, Moat of 
the insects, in all tlie foregoing cascs^ were Diptera* but with many 
minute Hy me noptera* including soma ants, a few small Coleoptera 
lan'as, spiders* and even small moths. ^ ' 

0 tJms 6 C 0 that nuiiioroTis in soots nml otl^er ohjocts am 
caught by the viscid leaves ; but wo have no right to infer 
from this fact that the habit ia benehoial to tJie plant* any 
mom than in tho before- given caao of tho 3Iimbilia, or of 
the horee-chestniit. But it will presently ho seen that dead 
insects and other nitrogenous bodies excito tho glands to 
increased eecrelion; and that tho secretion then becomes 
acid and has the power of digesting animal substances, such 
as albuinen* fibrin, ^c- Moreover, the dissolved nitrogenous 
mutter is absorbed by the glands* as shown by their limpid 
contents being aggregated into slowly moving granular 
masses of protoplasm* Tho same results follow* when intsccts 
are naturally captured, and as tho plant lives in poor soil 
and has small roots, there can be no doubt that it profits by 
its power of digesting and absorbing matter from the prey 
which it habitually captures in such largo numbei's. It will, 
however, be convenient firat to dcBcribo tho Tnovements of 
the leaves* 
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M(fvemenis of the Leaves ^ — That such thick, large leaves as 
those of Pinijuieula vulfjark should have the power of curving 
inw’ftrds when excited has never even been suspected. It is 
necessary to select for experiment leaves with their glands 
secreting freely, and which have been prevented, from cap- 
turing many insects ; as old leaves, at least those growing 
in a state of nature, have their margins already curled so 
much inwards that they exhihit little power of movement, 
or move very slowly. I will first give in detail the more 
important experiments which were tried, and then make 
some concluding remarks. 



h'fcpfirimuflS 1*-— A young and almost upright leaf was selected, with 
its two lateral edf^es etjually and very slightly incurved* A row of 
^inall flics was placed along one margiiu When looted at nest day, 
after 15 hra,, this mar<^in. hut not the other, was found folded inwards, 
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like tlie helix of the htitnan ear* to tlie breadth of of an iach , so as 
to be partly over the rovif of flies (fig. 15}* The gloiida on winch the 
flies rested, as well as those on the over-lapping margin which had 
been brought into contact with the flies, wore all secreting copiously , 
JL^xperimenl 2*— A row of fltea was placed on one margin of a rather 
old leaf, which lay flat on the ground; and in this case tlie margin, 
after tlio same interval as before, namely 15 hrs., had only just begun 
to curl inwards ; but so much fsecretion had been poured forth that the 
sixwn-shaped tip of the leaf was filled with it* 

ExjKrim^jit 3.— Fragments of a large fly were placed close to the 
apex of a vigorous leaf, as well as along half one margin* After 4 hrs. 
20 m. there was decided incurvation, which increased ft little during 
the aftornoon, but was in the same state on the following morning* 

Near the apex both mai^ins were inwardly 
cnrvcth I have never seen a case of tbe apex 
itself being in the least curved towards the base 
of the leaf* After 4S hrs. (always reckoning 
from the time when the flics were placed on the 
leaf) the margin hail everywhere begun to unfold. 

Experiment 4. — A large fragment of a fly ivas 
placed on a leaf, in a medial line, a little l>eacatli 
the apes* Both lateral margins were pierceptibly 
incurved in 3 ln‘s., and after 4 hrs. 20 m. to such 
a degree that the fragment was clasjied by both 
margins. After 24 hrs. the two infolded edges 
neai' the apes (for the lower part of the leaf was 
not at all affected) were measured and found to 
be 11 of ati inch (2 ‘ 795 mm.) apart. The fly 
wa*s now removed, and ft stream of water poured 
over the leaf so as to wash tlie surface ; and after 
24 lira, the margins ivorc ’‘25 of an' inch (6*34S) 
mm.) apart, so tiiat they were largely unfolded. 
After an additional 24 hrs. they w'ere completely 
unfohled* Another fly wivs now put on the i:^ame 
spjot to see wdiether this leaf, on which the first 
tly Jiad been left 24 hrs., would move again; 
after 10 hrs* there was a trace of incurvation, but this did not increase 
during the next 24 hrs* A bit of meat was ftl&o placed on the 
margin of a leaf, which four days previously had become strongly in- 
curved over a fragment of a fly and had afterwards re-expanded ; hut 
the meat did not cause even a trace of incurvation. On the contraiy, 
the margin became somewhat re flexed, as if injured, and so remain^ 
for the three folktwing days, as long as it. ’waa observed. 

Experiment 6. — A large fragment of a fly w'as ]>laccd halfway he- 
tw'een the a{jex and base of a leaf and halfway between the midrib and 
one margin. A short space of this margin, opposite the fly* showetl a 
trace of incurvation after fl hrs.* and this became strongly pronounced in 
7 hrs. After 24 hrs. the infolded edge was only ‘iti of an inch 
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(4 Ofllmm.) kom the mulnh. Tiie marfjin now hjcr^n *o imfnl l 
thon^h the Hy left on tlae leaf; so that by the'^next rnom^m^ 

(i.e. 48 hre, from the time when the fly was first jmt on> the infnhl^A 
edge hiid almost completely recovered ita original' iKisition beiner 
*.3 of m inch (7 ■ 62 mm.), instead of *16 of an inch, from the midrll, 
A trace of flexure was, however, still Tiaible. 

e.--A young and conc-nve leaf was eeleefed with its 
mai^iis slightly and naturally incurved. d\vo rather large ohloncr 
rectangular pieces of roast meat were placed uith their ends fouchirS 
the mfeldcd edge and '46 of an inch (11-68 mm,) ajiart from one 
- another. After 24 hrs the margin was greatly and equally ioeurve^l 
(see fig. 16) throughout this &i>ace, and for a length of -12 or -13 ^ 

inch (8 ‘048 or 8 ‘802 mm,) above and below- each 
bit; m that the margin had been atfected over a 
greater length between the two hits, owing to 
their conjoint action, than beyond them. 4’ho 
bits of nieat were too large to be c!ajsj,Hjd by the 
margin, but they w-ere tilted up, one of them so 
as to stand almost vertically. After 48 lirs, the 
margin was almost unfolded, and tho bits had 
sunk doivn* When again examined after two 
days, the margin was quite unfolded, with the 
exception of the naturally inflected edge; and 
unc of the bits of meat, the end of which had at 
fi^s^touchc^.l tho edge, wm now ‘067 of an inch 
(1 'jO mm.) distant from it; so that this bit had 
been pushed thus far across the blade of the leaf. 

i>xperime?it 7, — A bit of meat was placed close 
to the incurved edgo of a rather young leaf, and 
after it had re-expanded, the bit was left lying 
'll of an inch (2' 79o mm.) from the edge. The 
distance from the edge to the midrib of the fully 
cxjjtinded loaf was '35 of an inch(8'8D mm.); 
so that the= bit li ad l>ecn pushed inw-ards and across 
nearly ouc-third of its semlniiameter, 

£xperimen^ 8* — Cubes of fti'H.nige, soaked in a 
strong infuftion of raw meat, were placed in close 
contact with tlie incurved edges of two leaves, — an older and younger 
cue. The distance from the edges to the midribs ivas carefully 
mmured* After 1 hr* 17 m. there appeared to be a trace of incur- 
vation. After 2 hrs. 17 m. both leaves were plainly inflected ; the 
distauce l;c tween the edges and midribs being now only half what it 
was at firat. Tho incurvation increased slightly during the next *11 
hr»., but remained nearly the same for the next 17 hrs. 30 m* Jn 
35 hrs. from tho time when the s|X)ngcs were placed on tho leaves, the 
paargins were a little unfolded — to a greater degree in tho younger than 
in the older leaf. The latter was not quite unfolded until the thini 
day, and now both bite of ajiouge were left at the distance of '1 of an 
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mcli (2 '54 mm.) from the cdgca; or about a quarter of tbe distauce 
between the edge and midrib,’ A third bit of fifwmgc adliereil to the 
edge^ ami, aa the margin unfoldcdj wafs dragged backwards^ into its 
original j)osition. 

Experiment chain of fibres of roast meat, aa thin as bristles 

and moistened with saliva, were placed down one whole side, close to 
the narrow, naturally incurved edge of a leaf* In 3 Im. this side was 
greatly incurved along its whole length, and after 8 hrs. formed a 
cylinder, alwut of an inch (1 '27 inm.) in diameter, quite concealing 
the meat. This cylinder remained closed for 32 hrs., but after 48 hrs* 
■was half \infoldedj and in 72 hrs. Tvas as ot>en as the opposite margin 
where no meat had been placed. As the thin fiVtres of meat were 
completely overlapped by the margin, they were not pushed at all 
inwards, across the blade* 

Exj:*criment 10. — ^Slx cabbage seeds, soaked fi>r a night in water, 
were placed in a row close to the narrow incurved edge of a leaf. ^Ve 
shall hereafter see that these seeds yield stdublo matter to the glands* 
In 2 hrs. 25 nn the margin was decidedly inflected ; in 4 hrs* it 
extended over the seeds for about half their bi-eadth, and in 7 hrs. over 
three-fourths of their breadth, fornnng a eyliTider not quite closed 
along the Inner siiio. After 24 hrs. the inflection had not increased, 
jicrhai^ liad decreased* The glands which bad been brought into 
contact ivUli the upper surfaces of the seeds were now secreting freely. 
In 36 hrs. from tl^e time when the seeds were put on the leaf the 
margin had greatly, and after 48 hrs, had completely, re-esixmdcii* 
As the seeds were no longer held by the inflected margin, and as the 
secretion was beginning to fail, they rolled some way down the 
marginal channel. 

Experiment 11. — Fragments of gla^s were placed on the margins of 
two fine young leavea* After 2 hrs* 30 m. tho margin of one certainly 
became slightly incurved; but the inflection never increased, and dis- 
appeared in 16 lirs* 30 m. from the time when the fragments were 
first applied. With the second leaf there ^vas a trace of incun-ation 
in 2 hrs. 15 m., which became decided in 4 hrs. 30 m., and still more 
strruvjly pronounced in 7 hrs., but after 19 hrs. 30 m. had plainly 
decreased. Tho fragments exciteil at most a slight and doubtful in- 
crease of the secretion; and in two other trial-s no increaae could be 
pierccivetl. Bits of coal-cinders, placed on a leaf, produced no eflbet, 
cither owing to their lightness or to the leaf Iwing torpid. 

Experiment 12. — We will now turn to fluids* A row of drojus of a 
strong infusion of mw meat were placed along tlic margins of t\vo 
leaves; &quaresi of aixmge soaked in the same infusion being placed on 
the opposite margins. My object was to ascertain whether a fluid 
would act m energetically aa a substance yielding tho same iolnbls 
matter to the glands* No distinct difference was perceptible ; certainly 
none in the degree of incurvation; but the incurvation round the bits 
of sponge lasted rather longer, as might perhaps liave been expected 
from the sponge remaining damp and supplying nitrogenoua matter 




Chap, XVL] HOYEMEXTS OF TIIE LEAVES. 



303 



fora longer time. The marpns, with the drops, became phin]y 
ineHrved in ^ hrs. Xj' hi. incurvation subsetjuojitly incrosifi^d 

gomc^vbat, but after 2i bis. bad greatly decreased* 

iiVpen'mwt 13* — Drops of the same Btron" infusion of raw meat 
tt-erc pDced along tbo midrib of a young and ratlier deeply concave 
leaf Tlis distance across the broadcfit part of the leaf, between the 
naturally incurved cilgcs, was ■ u5 of an inch (13 ■ 97 mm.}. In 3 brs. 
27 HI. this distance was a trace less; in 3 hrs. 27 m. it was exactly 
‘45 of an inch (11 "43 inm.);, and had therefore decreaecd by "1 of 
aniuch (2'o4mm.). After only 10 hrs. 37 tn* the margin began 
to re-expandj for the distance from edge to edge was now a trace 
wider, and after 24 hrs. 20 nn ivaa as great, mthin a hair’s breadth, 
as when the drojia vvere liret placed on the leaf. From this expert- 
jncTit wc learn that the motor impulse can be transmitted to a dis- 
tance of '22 of an inch (o' 590 mm.) in a tratis verso direction from 
the midrib to both margins ; but it would be safer to say ‘2 of an incli 
(5 "06 mm.), as the droiia spread a little iKjyond the midrib. The 
iDGUrvation tiius caused lasted for an unusually short time. 

E‘j:j}$r[}ytis-nt 14. — ^Three dro^is of a solution of one part of carbonate 
of amiiionia to 2 IB of water (2 grs. to 1 oa.) were placed on the margin 
of a leaf These excited so much secretion that in 1 br. 22 m. all 
three droiKS ran together ; but although the leaf was observed for 24 
hrs., there T.vas no trace of inflection. We know that a rather strong 
sedution of this salt, though it does not injure tba leaves of Drosera, 
liAralyses their })Ow'er of movement, and 1 have no doubt, frotn [this 
and] the following case, that this bolds good with Pmgnicula. 

Expenirie.nt 15. — A row of drop of a solution of one i^art of 
carbonate of ammonia to 875 of water (1 gr. to 2 oz.) was placed on 
the margin of a leaf. In 1 hr. there was ap|>arently some slight 
incurvation, and tliis was well marked in 3 br^, 30 m. After 24 hrs, 
the margin ivns almost coin];detely re-oxiTanded. 

Experiment 10. —A roTv of larj^e drops ot ft solution of one part of 
phosphate of ammonia to 4375' of water (1 gr. to 10 oz.) was placed 
along the margin of a leaf. No effect was prixluced, and after 8 hrs. 
fresh drops were ailded along the same margin without the least effect. 
We know' that a s^dution of this strength acts i«>werfully on Droaora, 
and it is just jKissibk that the solutioii was too atrmig. I regret that 
I did not try a weaker solution. 

Experiment 17.- — As the pressure fi oiii bits of glass causes incurvafion, 
I scratched the margins of two leavca for somo tiiiliutes with a blunt 
needle, hut no effect w-as ]>ro<lueed. The surface of a leaf Ireaeath a 
dn>p of ft strong infusion of raw meat was also rublied for 10 m. ’with 
the end of a brjatle, ao as to imitate the struggles of a captured insect ; 
but this part of the margin did not bend sooner than the other jiarts 
with undisturbed drops of the infusion. 

Wc learn from tliO foregoing cxporiuienta that the margins 
of the leaves curl itiwardss when excited by the more pressure 
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of objects not yielding any solublo matter, by ol>jects yield- 
ing fiudi matter, and by eonm fluids- — namely an infusioTi of 
xaw moat and a wonk solution of carbonate of ammonia. A 
strcmgor solution of two grains of this salt to an ounce of 
water, thongli exciting copioufl secretion, paralyses the leaf. 
Drops of water and of a solution of sugar or gnm did not 
cause any movement- Scratching the surface of the leaf for 
stjine minutes j^roduced no effect- I'lierofore, as far as we at 
preaent know, only^ two causes— namely slight continued 
presaure and the absorption of nitrogenou-? matter — excite 
movement- It is only the margins of the leaf which bend, 
for the apex never curves towards the base* The pedicels 
of the glandular hairs have no power of movement* 1 
observed on sevei'al occasionB that the surface of the leaf 
liccame slightly concave where bits i>f meat or large flies had 
long lain, but this may have been due to injury from over- 
stimulation*’** 

The shorteet time in which plainly marked movement was 
observed was 2 hm. 17 m,, and this occiUTcd when either 
nitrogenous substances or fluids were placed on the leaves; 
but 1 believe that in some cases there ’ivas a trace of move- 
ment in 1 hr* or 1 hr* 30 m. The pressure from frngments 
of glass excites movement almost as quickly as the absorption 
of nitrogenous matter, but tho degree of ineurvatjon thug 
caused is much less* After a leaf has become well incurved 
and has again expanded, it will not soon answer to a fredi 
stimulus* The margin w'as afiected longitudinally, upwards 
or do’ivu wards, for a distance of *1B of an inch (3*302 mm.) 
from an excited point, but for u distance of '46 of an inch 
between two excited points, and transversely for a distance 
of '2 of an inch (f^*03 mm.). The motor impulse is not 
accompanied, as in tho case of Drosera, by any influence 
causing increased secretion ; for when a single gland was 
strongly stimulated and secreted copiously?', the surrounding 
glands were not in tho least afiected* The incurvation of 
the margin is independent of increased secretion, for Mg- 
ments of glass cause little or no secretion, and yet excite 
movement : whereas a strong solution of carbonate of am- 
monia quickly excites copious secretion, but no movement- 



* [Batalin Flora/ 1687) telieves accompaniwl by actual growtbj ai»l 
that th& dtpreas^ioDs art du« to the thus a perimtient alteration in Eh« 

i'act that the curvatuj't of the leaf ia form of the leaf is effecteiL — F* D-] 
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One of tlie most curiona facts with respect to the move- 
ment of the leaves is the short time during which they 
jreniam incurved, although the exciting object is left on theui. 
In the mfljority of cases there was well-marked re-espansion 
wdthin 24 hrs, from the time when oven large plecea of meat 
&c,, were placed on the leaves, and in all cases xvithin 48 
hrs- In one instance the margin of a leaf remained for 32 
hra* closely inflected round thin fibres of meat; in another 
instance, when a bit of sponge, soaked in a strong infusion 
of raw meat, had been applied to a leaf, tho margin began to 
unfold in 35 lira. Jragmonts of glass beep the margin 
incurved for a shorter time than do nitrogenous bodies ; for 
in the former case there was complete re-expansion in 1 6 hi^. 
30 m. Nitrogenous fluids act for a shorter time than nitro- 
genous substances ; thus, w'hen drops of an infusion of raw 
meat were placed on the midrib of a leaf, the incurved 
margins began to unfold in only 10 hra. 37 im, and this 
was the quickest act of re-espanslon observed by mo; but 
it may have been partly due to tho distance of tfie margins 
from the midrib where the drops lay. 

We are naturally led to inquire what is the use of this 
movement which lasts for so short a time? If x^ery small 
objects, such as fibres of meat, or moderately small objects, 
such as little flies or cabbagoHSceds, are placed close to the 
margin, they are either completely or partially embraced by 
it, Tho glands of tho ovor lapping margin are thus brought 
into contact with such objects and pour forth their secretion, 
afterwards absorbing tho digested mattor, lint as the incur- 
vation lasts for BO short a time, any such benefit can be of 
only slight importance, yet perhaps greater than at first 
appears, Tho plant lives in humid districts, and tho inaects 
which adhero to all parts of the leaf are ivaahed by every 
heavy shower of rain into the narrow channel formed by the 
naturally incurved edges. For instance, my friend in Noith 
Wales placed several insects on some leaves, and two days 
afterwards (there having been heavy rain in the interval) 
found some of them quite washed away, and many others 
^fely tucked under the noTv closely inflected margins, the 
glands of w hich all round the insects were no doubt secret- 
ing* We can thus, also, nndemtand how it is that bo many 
nisects, and fragments of insects, are generally found lying 
Within the incurved margins of the leaves. 

The incurvation of tho margin, due to the presence of an 
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exciting object, must be perviccable in another aiul probably 
more important We have seen that when large bits 

of meat, or of sponge soaked in the juice of meat^ were placed 
on a leaf, the margin was not able to embrace them, bnt^ as 
it became incurved, pushed them very slowly towards the 
middle of tho leaf, to a distance from the outside of fully ■ I 
of an inch (2 ■ o4 mm.), that is, across between ono-third and 
one-fourth of the space between the edge and midrib. Any 
object, such as a moderately sij^ed insect, would thus l>e 
brought slowly into contact with a far larger nurnhor of 
glands, inducing much more secretion and absorption, than 
would other w'ise have been the case* That this would be 
highly serviceable to the plant, we may infer from the fact 
that Drosera has acquired highly developed powers of move- 
ment, merely for the sake of briuging all its glands info 
contact w-ith captured insects. So again, after a leaf of 
iMouma has caught an insect, the slow pressing together of 
the two lobes serves merely to bring the glands on both 
sides into contact with it, causing also the secretion charged 
wdth animal matter to spread by capillary attraction over 
the Tvholo surface. In the case of Finguicula, as soon as an 
insect has been pushed for some little distance towards the 
midrib, immodiate re-expansion would bo beneheial, as tho 
margins could not capture fresh prey until they ^vere un- 
folded. The service rendered by this pushing action, jls 
wrell as that from the marginal glands being brought into 
contact for a short time with the upper surfaces of minute 
captured insects, may perhaps account for the peculiar move- 
ments of the leaves : otherwise, we must look at these move- 
ments as a remnant of a more highly developed power for- 
merly possessed by the progenitors of the genufi. 

In the four British species, and, as I hear fi om Prof. Dyer, 
in most or all the species of the genus, the edges of the 
leaves are in some degree naturally and permanently 
incurved. This incim'^ation serves, as already shown, to 
prov^eut insects from being Tva.shed away by the rain ; hut it 
likewise serves for another end. When a number of glands 
have been powerfully excited by bits of meat, insects, or auy 
other stimulus, the secretion often trickles down the leaf, and 
is caught by the incurved edges, instead of rolling off and 
being lost* As it runs dowm the channel, fresh glands ai*© 
able to absorb the animal matter held in solution. Moreover, 
the accretion often collects in Uttlo pools within the channel, 
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or in tho spoon-liko tips of tke leaves ; and I ascertained that 
bits of albiimen, fibrin and gluten arc boro disaolved more 
quickly and completely than on the surface of the 1e.f 
where the secretion cannot accumulate ; and So It would he 
with naturally caught insects, The secretion was leneated Iv 
seen thus to collect on the leaves of plants protected from thh 
rain j and with eicposod plants there woithl be still greater need 
of soma prevision to prevent, as far as possible, the secretion 
With itH diHHOlved animal matter, heing wholly lo&fc 

It has alreinly been remarked that" plants growing in a 
state of nature have the margins of their loaves much more 
strongly mourved than those grown in pots and prevented 
from catching many insects. Wo have seen thit insects 
wf^cd down by the rain from all parts of the leaf often 
lodge within the, margins ; which are thus evoitod to curl 
farther inwards ; and we may suspect that this action, many 
times repeated during the life of the plant, leads to their 
permanent and well-marked incunmtioa. I regret that this 
view' did not occur to mo in time to test its truth. 

It may here he added, though not immediately bearing on 
our aubjeetj that when a, plant is pulled up, the leaves 
immediately curl dowTi wards so as tdj almost conceal the 
roots,— a fact which Las been noticed by many persons, 
this ia due to the same tendency which causes 
the outer and older leaves to lie flat on the ground. It 
further appears that the flower ^stalks are to a eortain extent 
irntable, for Ur, Johnson states that they '‘bend backwards 
if rudely handled,” • 

SpcTetiotif Absor^tiojii oud Digcefion. — I will fli'st give inv 
observations and experimonts, and then a suinmarv of the 
results, 



The vf ObJec^$ contain tug Soluble 2^ttrCffe}ious Matter^ 

(1) File, were placed on many leaves, and excited tJie glands to 
secrete oopiously ; the secret loti always bccijming acid^ though not so 
^lore. After a time these inBccta were rendercxl so tender that their 
-iJinha and bodies could he separated by a mere touclij owing no doubt 



* * English Botanv/ by Sir J. E. 
Jhuth^ urith colour^ fi^jures by J. 
^werby J edit, tab. 24,’ 25, 

■ (It ia wtil known that perma- 
nent curvatures may bo jiroduced by 



bonding or shakint; a turgescent stem, 
Thii wonid bo likely to (Kcur ih the 
oourao of the “rough haadJing,’* and 
we may ]^>orbaps thus account for 
I>r» Johnaon’s curratiU'Qs. — F, D.] 
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to the digestion and dismtcgraticm of tlieir muscles. Tke f^landa in 
contact with a #rnall fly continued to secrete for four dayB^ and then 
became almost dry* A narrow strip of this leaf was cut ofT^ and tho 
glands of the longer and shorter Imiw, which liad lain in cont&ct for 
tho four days with the fly, and those which had not touched it, were 
cora|wed under tho microscope, and presented a wonderful contrast. 
Those which had been in contact were filled with brownish granular 
matter, the others with homogeneous Hukh T here could therefore be 
no doubt that the former had absorbed matter from the fly. 



When thin fibres of meat were laid along the margin of a leaf which 
stood almost upright, the Kocretion ran down to the ground. Angular 
bits of nieatj p>laced in little pool** of the secretion near the margin, 
were in the course of two or three days much t cdiiced in size, rounded, 
rendered more or less colonrlcBs and transparent, and so much softened 
that they fell to pieces on tho slightest touch. In only ouc instance 
was a very minute particle completely dissolved, and this occurred 
within 48 hra. Wlien only a small amount of secretion was exciteil* 
this waft generally ahaorljeii in from 24 hrft* to 48 hrs. ; the glands 
being left dry. lint when the supply of secretion was ooptoue, round 
cither a single rather largo bit of meat, or round several small bits, 
tho glands did not become dry until sis: or seven days had elapsed, 
Tho most rapid case of absorption observed by me was when a smalL 



sheep were laid on a leaf. After 10 hrs, ■SO m. some acid secretion was 

excited, but the cartilage ap]x;are<i little or not at all affected. After 

24 hrs. the cubes were rounded and much. reduced in size; after 32 hrs. 

they were softened to the centre, and one was quite liquefied ; after l 

35 hrs. mere traces of solid cartilage were left; and after 48 hri a 

trace could still be seen through a lens in only one of the tbroo. After 

82 hrs. not only were all three cubeft completely liquefied, but all the 

secretion was absorlied and tho glands left dry. 

(4) Small cubes of album^Ti were placed on a leaf; in 8 hrs. feebly 
acid secretion extended to a distance of nearly^ of an inch round 
them, and the angles of one cubo were rounded^ After 24 hrs. tho 
angles of all the cul>cs were rounded, and they w'ere rendered through' 
out very tender; after 30 hrs. the eecretion began to decrease, stid 
after 48 hrs. the glands were left dry ; but very minute bits of albumen 
were still left undissol red, " i ^ , 






jxirticles of meat, and which have quickly absorbed their o’a'n Eccretion, 
begin to secrete again in the couTise of seven or eight days from tho 
time when the meat w'as given them. 



(2) Small bits of jneaty placed on a leaf, always caused much 
acid pccretiou in the coursK^ of a few hours — in one case within 40 m. 



drop of an infusion of raw meat wm placed on a leaf, for the glatidg 
hero became almost dry in 3 hrs. 20 m. Glands excited by small 



(3) Three miuuto cubes of tough from tho leg-bone of a 
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„™l ti^nspflrci,'. After 24 lira, two of t1.o cutH=« were completely 
dissolved, and already tiie secretioti on tliese glands was almost wlollv 

absorbed. After -li hrs* the two other cubes were corrinletelv diasolved 
These four glands began to secrete again after eijzht or nine days. 

(C) Tivo largo cubes of alhuTjieti (fully ^ of an inch, i h lum) 
^lere placed, one near the imdrib and tho other near the margin 
of a leaf; in 0 hrs. there was much secretion, ’whidi after 4g lirs 
accunmlited in a little i^wl round the cube near the marn'in This 
cube was much more dissolved, than that on the blade of the leaf- m 
that after three dai's it ^vas gre^atly reduced in size, with all the angles 
loiinded, hut it was too large to be wholly dissolvcEb T’he secretion 
was partially aks(.jrlicd after four days. The cube on the blade was 
miidi less reduced, and the glands on which it rested began to dry 
after only tivo days?-. ® ^ 

(i) iji excites secretion than does meat or albiimcn. 

Several trials were made., but 1 will give only three of them. Two 
minute shreds were placed on gome glands, and in 3 hrs. 45 m. their 
secretion was plainly increased. The smaller shred of the two was 
completely liquefied in Q hrs. 15 m., and the other in 24 hrs. ; but even 
after 48 hr^* a few granules of fibrin could still be seen through a 
lens ficKiting in both droiJS of secretion. After 56 Jirs. 30 m. these 
granules were^completejy dissolveii. A third shred was placed in a littb 
jx’iol of secretion, within the margin of a leaf where a seed had been 
lying, and this was completely dissolved in the course of 15 hrs. 30 m. 

(3) Eivo very small bits of ghden were placed on a leaf, and thej'' 
excit^ GO much secretion that one of the bits glided down into tho 
marginal furrow, AftLT a day all five bits seemed much reduced in 
size, but none wore wholly dissolved. On the third day 1 pushed two 
of them which had begun to dry, on to fresh glands. On the fourth 
day undisGolved traces of three out of the five bits could still be 
detected, the other two having quite disappeared ; but 1 am doubtful 
whetlier they had really l>een completely dissolved. Two fresh bits 
were now placed, one near the middle and the other near the margin 
of another leaf ; both excited an extraordinary amount of secretion ; 
that near the margin had a little pool fonned round it, and was much 
more reduced in si?:c than tliat on the blotie, but after four days was not 
completely dist«>lve<]. Gluten^, therefore, excites the glands greatly, 
hut is dissolved with much diliicuLty, exactly as in the cas3 of 
prose ra* I regret that I did not try this aiihgtance after having been 
immei^t'd in w'cak hydrochloric acid, as it would then probably have 
becu quickly dissolved, 

(S) A small square thin piece of pure gdaitnef moistened with 
Water, was placed on a leaf, and exciterl very little secretion in 5 hrs. 
30 in., but inter in tlic day a greater amount. After 24 hrs. the whole 
fiquarc wus completely liquefied; and this would not have occurred 
hiid it been left in water* The liquid was acid. 



(10) Small particles of chemicaUy prepared casern excited acid 
secretion, but w^ere not quite disaolved after two days; and the glands 
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then began to dry, Kor cx>uld tlieir onmpiete have l»ecii 

expected from Tvhnt we liave seen with X^roJ^era, 

(11) Miniito droiM of skimmed milk were placed on a leaf, and tkes* 
caused the glands to accretfi freely* After 3 hrs, the milk waa found 
onrdled, and after hra* the curds were dissoli^ed. On pkicing ihe 
now clear drops under the microscope, nothing could be detected cxceiit 
some oil-glohulefl* The secretion, therefore, dissolves fresh casein. 

(12) Two fragments of a leaf were immersed for IT hrs,, each in a 

drachm of a solution of of fimmonia, of two strengths, 

namely of one part to 437 and 218 of ivatcr. The glands ol the 
longer and shorter hairs were then examined, and tlieir contents found 
aggregated into granular matter of a brownish- green colour. These 
granular masses were seen bj'' my son slowly to change their forms, 
and no doubt cousisteil of protoplasm. The aggregation was more 
strongly pronounced, and the movements of the protoplasm more rajijd, 
within the glands subjected to the slrongcr solution than in the others. 
The cxirerlmeiit was repeated with the same result ^ and on this 
[.weasion I oljsefved that the protO]>lasm had shrunk a little from the 
walls of the ajngle elongated cells forJnilig the jiediccls. In order to 
observe the procefJ#i of aggregation, a narrow strip of leaf ivaa laid 
edgeways under the microscope, and the glauds were seen to he {piite 
transparent; a little ol < he stronger sol m ion (viz. one part to 2lS of 
w'ater) was now added under the covering glassy after an hour or two 
I he glands contained very fine granular matter, whicli slowdy became 
coarsely granular and slightly opaque ; but even after 5 hrs. not as yet 
of a brownish tint. By this time a few rather large, transparent, 
globular masses appeareii within, tlte upper ends of tlie p^iccls, and tbo 
]>rotoplasm lining their walls liad shrunk a Utile. It is thus cvidenit 
that the glands of Pinguicula absorb carbonate of cininonia ; hut they 
do not absorb it, or are not acted on by it, nearly so quickly as 
those of Brosera. 



(13) Little mastves of the o range- colon red of the common pea, 

placed on several leaves, exciteni the glands to secrete freely. Even a 
very fe%v grains wdiich accidentally fell on a single gland «maed the 
drop surrounding it to increase so much in size, in 23 hrs., aa to 
Ik manifestly larger than the drops on the adjoining glands. Grains 
snhj(K:;te<l to the secretion for 48 hrs. did not emit their tubes; they 
were quite discoloured, and seemed to contaiu less matter than before ; 
that which ivas left being of a dirty colour, including globules of oil. 
'I hey thus differed in apijcarancc from other grains kept in water for 
the same length of time* The glands in contact with the pollen-grains 
had evidently ahsorlKtl matter from tlieviii; for they bad lost their 
natural pjate-green tint, and containeti aggregated globular masaea of 
protoplasm , 

(14) &|uaTo bits of tbe leaves of spinach, cabbage, and a saxifrage, 
and tbe entire loaves of Erim Utrali^^ all excited the glands tt> 
increased secretion. Tbe aiMuach was the most eflbctive, for it caused 
the secretion evidently to increase in 1 hr* 40 m., and ultimately to run 
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some 'Fay down the Icaf^; but the glands flo«;jn bygan to dry, viz, after 
;i5 hi^ Tbe leaves of Erica tctruiix. began to act in 7 lira. 30 m but 
never caused much secretion; nor did the bits of leaf of tlic saxifrage 
though in tht^i case the glanda continued to' ier:rete for Mren days" 
Some leaves of Pinguicula were sent me from North Wales, to which 
JeavcH of Ericit tetmlix and of an unknown plant adhered; and the 
glands in contact witli them had their ctmtents plainly aggregated as 
if they had been in wntact with insects; whilst the other glands on 
the same leaves contained only clear homogeneous fluid* 

( 15 ) Seeds.— A considerable ninnl>er of seeds or fruits selectetl by 
hazard, some freah and some a yc-ar old, aome soaked for aaliorttime 
in Avater and some not soakedj were trit;fh 'i'Jie ten following klnds^ 
namely, cabbage, radish, ncrmiroM, Eumeic Carex 

stjhalityai mustard, turnifscres#, Ji'ujiunc«?Mffacn's,and puhesemst 

all excited much accretion, which was in several cases tested and found 
ahvays acid. The five first-named seeds excited the glands more than 
the otlierg. The secretion was seldom copious until about 24 hrs, had 
dftiiA^d, no doubt owing to the coats of the seeds not 1 icing easily 
permeable. Nevertheless, cabbage seeds excited some secrctioii hi 4 hrs. 
dO m.; and this iiicrca&cd so much in 18 hrs. as to ruu down the leaves* 
TJic SLcds, or properly the fruits, of Carex arc much ofteuer found 
adhering to leaves in a state of nature than those of any other genus ; 
and the fruits of Oeircx excited so much secretion that in 

15 hrs.it ran into the incurved edges ; but the glands eeastid to secrete 
after 40 lira. On (he other hand, the glands on vvhich the seeds of the 
liurnes and A vena rested continued to secrete for nine dayfi. 

'ihe nine followdnig kinds of seeds excited only a slight amount of 
secretion, namely’', celery, jmrsnip, caraway, LmF4mf7ruflidi^f(>)*tiw,Cassia, 
Tri/oHum Pilantago, onion, and Eromus, 3iIost of these 

seeds did not excite any secrctioii until 48 lira, had elapsed, and in tho 
ease of the TrifbHum only onci seed acted, and tins not until the third 
day^ Althougl'i the seeds of tho Tlantago excited very little secretion, 
the glands ccritiDued to secrete for six days* Lastly, the five following 
kinds excited no secretion, though left on the leaves for two or tliree 
days, namely, lettuce, Erica teiraHxj Atriphx hartetistSj Phalaris 
canariemist ^md wheat. NevertLeless, when the seeds of the lettuce, 
wheat, and A triplex were split open and applied to leaves, secretion was 
excited in consiilcrabU quantity In 10 hrs-, and 1 lielieve that some 
was excited in *six hours. In the case of the Atriplex the secretion ran 
down to the margin, and after 24 hrs, I speak of it in my notes “as 
immense in quantity, nticl acid.” llie split seeds fdm of the Trifolium 
atid celery acted poiverfiiliy and quickly, though the ivhole seeds 
caused, as we have socn, very little secretion, and only after a long 
interval of time, A slice of the common }Ma, which however \c$s not 
tried whole, caused secretion in 2 hrs* From these facts we >^*7 
conclude tlnU the great difference in the dcgrco and rate at which 
various kinds of seeds excite secretion, is oh idly or wholly duo to uie 
different permeability of their coats. 
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Some thin siloes of tlia common whicli Latl been previouslv 
Eoaketi for 1 hr- in water, were placed on a leaf, and quickly excited 
much acid secretion. After 24 lirs* theso slices were comparttl under a 
high power with others left in water for the satno tiiuej the latter 
contained so many fine granules of legumin that the slide was reudered 
muddy; whereas the eIiocb which had l>een subjected to the secretion 
were much cleaner and more transparent, the granules of legumin 
apparently haTiug been dissolved, A cahbago seed which had lain for 
two days on a leaf and had excited much acid secretion, was cut into 
slices, and these were coraiiarcd with those of a seed which had been 
loft for the same time id water. Those subjected to the $ecrction were 
of a ])i\ler colour; their coats prcBonting the greatest difference?, for 
they were of a pale dirty tint instead of chestnut-hroisTi. Ttie glands 
on which the cabbage seeds had rested, as well aa those imthetl by the 
surrounding secretion, differed greatly in appearance from the other 
glands on the same leaf, for they all contained brownish granular 
matter, proving that they had absorbed matter froTn the seeds. 

That the accretion acta on the seeds was also shown by iwmo of 
them being killed, or by the seedlings being injured, Fourtee!! cabbage 
seeds were left for three days on leaves and excited much secretion; 
they were then placed on damp sand under conditions known to bo 
favourable for gerjiunation. Three never germinated, and this was a 
far larger proportion of deaths than occurred with seeds of the same lot, 
wliich had not been subjected to the secretion, hut were otherwise 
treatCEl in the same maimer. Of the eleven seedlings raised, three had 
the edges of their cotyledons slightly browuied, aa if ecorcheil; and the 
cotyledons of one grew into a ciirioua indented shape» Two mustard 
seeds germinated ; but their cotyledons were marked with brown 
{latches and their rsdicles deformed. Of two radish, seeds, neither 
germinated; whereas of many seeds of the same lot not subjected t* 
the secretion, all, excepting one, germinated. Of the two Rumex seeds, 
one died and the other germinated ; but its radicle was brown and soon 
withered. Both seeds of the ilvena germinated, one grew well, the 
other had its radicle brown and withered. Of six seeds of the Erica 
none germinated, and when cut open after having been left for five 
. months on damp sand, one alone seemed alive. Tw'enty-tivo seedn of 
various kinds w'ere found adhering to the leaves of plants growing in a 
state of nature ; and of these, though kejit for five months on damp 
sand, none germinated, some being then evidently dead. 
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The .^eefs of Objects not containing Soluble Nitrogenoua Matter. 

(IG) It has already bwn shown that bits of glass, pbicetl on loaves^ 
excite little or no secretion. The small amount which lay beneath the 
fragments was tested and found not acid» A bit of wooti excited 
no Secretion; nor did the several kinds of seeds of which the coats ftr» 
n^ permeable to the secretion, and w^hich, therefore, acted like inorgflidc 
bodies. Cubes of fat, left for two days on a leaf, produced no effect. 
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(17) A partide of wLite avyar, placctl on a leaf, furmet! in l l,r in 
a large drO|i of fluid wliich in the eourse of 2 additional houte ran 
down into tiio naturally iiiileitod margin. TUs fluid was not in the 
least aeid and j^gan to dry up, or more probably was absorbed, 
Jfl 0 lire, ao m. Ihe ex[ieriment ivas repeated j partidca licEnp- placed 
OD a leafj and otbers of th<3 ^^anlc size on a. slip of glass lu a mojateued 
state; b^fh Iwing covered by l^etl-glnss* This was done to 
Tvlietlicr tbe luci eased amount of fluid on the leaves could bo duo to 
mere deliquescence j but this was proved not to be the am. The 
panicle on the leaf causetl so much secretion that in the cour^of 4 
it ran doi^n acrciss two-tluRia of tlio leaf. After 8 brs, tbo leaf, which 
was concave, was actually filled with very viscid fluid; and it rfflrden- 
lariy deserves notice that this, as on the fomier occasion, was noi in the 
least acid . ^’h is great ainoun t of Bccretion may be at trihuted. to exoemoBe. 
The glands which had been covered for 24 hrs. by this ifluid\lid not 
dilfer, wdien examined under the miero&ooi>e, from others on the same leaf, 
^vLicli had not come into contact with it. Tiiis ia an interesting fact in 
contrast with the invariably aggregsitcd condition of glands which have 
i>etn bathed by ihy secretion, wben holding animat matter in solution. 

(10) Two part teles of gum umbk placed on a leaf, and they 
certainly caused in 1 hr. 20 in. a slight increase of secretion. This 
continued to increase for the next 5 hrs., that is fur as long a time as 
tijc leaf w as observed. 

(19) Six smaU particles of diy sta)-c}L of commerce were placed on a 
leaf, and one of tlmsc caused f5ome secretion in 1 lir. 16 m., and the 
uthp in from 0 lirs. to D hrs. The glands which had thus been 
e.xcited to secrete soon became dry, and did not begin to secrete again 
until the sixth day. A larger bit of starch was then jdaceti on a leaf, 
and no Bccretion was excited in 5 hrs. 30 m.; but after 8 hts. there 
was a considerable supply-j which increased so much in 24 hrs. as to 
run doism the leaf to the distance of | of an inch. This secretion, 
though BO abundant, vvas not in the least acid. As it was so copiously 
excited, and as seeds not rarely adhere to the leaves of naturally 
growing plants, it occurretl to me tliat ihe glands might perhaps have 
the power of secreting a ferment, like pty aline, capable of dissolving 
stardi; so I carefully observed the above six smalil panicles during 
several da^-'s, but they did not seem in tlie least reduced in bulk. A 
particle was also left for two days in a little ]H>ol of seeretioi], wliich 
hail run down from a piece of spinach leaf ; Ijiit although the iJiirtide 
was so minute no diminution was perceptible. Wo may therefore 
concludo tliat the secretion cannot dissolve Btarch. The increase caused 
by tills substance may, I presume, be attributed to exosmose. But 
1 am suqi'riiHxi that starch acted so quickly and powerfully as it did, 
though in a less degree than sugar. Colloids are known to ^xisbcss some 
slight power of dialysis ^ and on placing the leaves of a Brimula in 
water, and othem in syrup and diffuacd starch, tlioso iu the starch 
Iwcarno flaccid, but to a leas degree and at a much slow'cr rate than the 
leaver in the syrupt ; those in water remaining all the time crisp. 
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Proiu the foregoing experiments and observations we see 
that objects not containing solublo matter have little or no 
power of exciting tlio glands to secrete. Non-nitrogenoua 
tluids» if dense, cause tho glands to pour forth a largo supply 
of viscid fluid, but this is not in the least acid. On the 
other hand, the secretion from glands excited by contact 
with nitrogenous solids or liquids is invariably acid, and is 
GO copious that it often runs down the leaves and collects 
within tho naturally incurved margins. The secretion in 
this state has the power of quickly dissolving, that is of 
digesting, tho muscles of insects, meat, cartilage, albumen, 
fibrin, gelatine, and casein as it exists in the curds of milk.* 
Tho glands are strongly excited by ehemically prepared 
casein and gluten ; but these substances (the latter not 
having been soaked in Avealc hydrochloric acid) are only 
partially dissolved, as was likewise the case with Drosora. 
Tho secretion, when containing animal matter in Eolution, 
whether derived from solids or from liquids, such as an 
infusion of raw naeat, milk, or a weak solution of carlionate 
of ammonia, is quickly absorbed i and the glands, which 
wero before limpid and of a greenish colour, become brownish 
and contain masses of aggregated granular matter. This 
matter, from its spontaneous movements, no doubt consists of 
protoplasm. No such effect is prCMluccd by the action of non- 
nitrogenous fluids. AfUsr the glands have liCen excited to 
secrete freely, they cease for a time to secrete, but begin 
again in the cou^e of a few days. 

Glands in contact with pollen, the leaves of other plants, 
and various kinds of seeds, pour forth much acid secretion, 
and afterwards absorb matter probably of an albuminous 
nature from them. Nor can the benefit thus derived lie 
insignificant, for a considerable amount of pollen mi;st be 
bloTVU from tho many wind-fertilised catiecs, grassc's, <tc., 
growing where Piiiguieula lives, on to the Icuax^s thickly 
covered with viscid glands and forming large rosettes. Kveu 



• p LTfiber fteischfessendc same iiae in Alps. TJi^ 

Pilndzen,* in th« ' Land wirthach aft, propeity nf thft [dant seeutss to be 

Jabrbuther,^ 1877) quotes Linn®iia widely known among pTunitiTe 

P Flora Lapponiea,^ 17U’7, p. 10) to the people, for, wilhin the last 80 

effect that certain lji|i1and tribes use it was used ns rennet hy mountain 

the leores of Pin^uicula to coagulate fitriucrs in North Wales, 1 iiire 

milk. Pfeffer learnt from an old myself succeeded id curdliiiJ![ 

shepherd that they aie put to the with tins Tegctahle rcnDet.^f. 
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a few i^rainB of pollen on a ainglo gland cause* it to Recrete 
copiouKly* ’We have also seen liow frequently tile small 
kaveg of Erka tetmlix anti of other plants, as tfcII as various 
kinds of seeds and fruits, cpccially of Carex, adhere to the 
leaves. One leaf of the ringoicuk had caught ten of the 
little leaves of the Eric^a ; and three leaves on the sanie 
plant liad each caught a seed. Seeds subjected to the action 
of the secretion are sometimes hilled, or the seedlingB injured. 
’We may therefore conclude that Pmgmcuhx vulgarki ’^vith its 
small roots, is not only supported to a large extent by the 
extraordinary num]>er of insects which it hahitually captures, 
hut likewise dra%vs some nonriKhment from the pollen, leaves, 
and seeds of other plants Tivhich often adhere tc) its leaves. 
It is therefore parti}' a vegeUble as well as an animal 
feeder. 

PlSGUlCULA GRANDIILOHA. 

This fipccles is so closely allied to the last that it is ranted 
hy Dr, ilooker as a sub-species. It differs chiefly in the 
larger size of its leaves, and in the glandular hairs near the 
basal part of tho mid-rih being longer, Dut it likewise 
differs in constitution ; 1 hear from Mr, Ralfs, w'ho was so 
kind as to send me plants from Comw'all, that it groivs in 
rather difFerent sites ; and Dr. Moore, of tho Glasnevin 
Botanic Gardens, informs me that it is much more manage- 
ahle under culture, growing freely and flo%vering annually; 
whilst Pmguicula vul^ark has to be renewed evei}^ year. 
Jlr, Kalfs found numerous insects aud fragments of inscetjs 
iidbering to almost all the leaves. Q’hese consisted chiefly 
of Diptera, with some Ilyinenoptera, Homoptera, Ooleoptera, 
and a moth ; ou ono leaf there 'Nvere nine dead insects, besides 
a few still alivo- lie also observed a few fruits of Carex 
pidkaris, as w ell as tho seeds of this same Pingaicula, adhering 
to the leaves, I ti icd only two esperiments with this species ; 
firstly, a fly was placed near the margin of a leaf, and after 
3 0 hrs. this w^as found well inflected. Secondly, several 
small flies were placed in a row along one margin of anotlier 
leaf, and by the next morning this whole margin wtis curled 
inwards, exactly as in the cdbo of Pin^uicid^ vuhjari». 

PlNGUlCULA LUSITANICA. 

Thifi species, of w hich living sj>ecimons were scut me hy 
Ml', Ralfa from Coi'uwallj is very distinct from tho two fore- 
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going ODOS, TIio leaves are mther etnallet} much more 
transparent, anti aro marked with purple branching veina. 
The margins of the leUrVefi aro much more involuted ; those of 
the older ones extending over a third of the space between 
the midrib and the outside. As ia the two other specie s^ the 
glandular hairs consist of longer and shorter ones, and have 
tho fiame stnicture; but the glands differ in being purple^ 
and in often eontaining gi'aniilar matter before they have 
been excited. In the low^er part of the leaf, almost half the 
space on each side between the midrib and margin is desiittite 
of glands; these being replaced by longi rather stiflf, multi- 
cellular hairs, which intercroBS over the midrib. These hairs 
perhaps serve to prevent insects from settling on this part of 
the leaf, where there are no viscid glands by which they 
could be caught ; but it is hardly probable that they were 
developed for this purpose. The spiral vessels proceeding 
from the midrib terminate at the extreme margin of the leaf 
in spiral cells; but these are not so well developed as in ihe 
two preceding species* The flower^pedunclcs, sepals, and 
petals, are studded with glandular hairs, like those on the 
leaves. 

The leaves catch many small insects, which are found 
chiefly beneath tho involuted margins, probably washed there 
by tho rain. Tho colour of the glands on which insects liave 
long Jain is changed, being either brownish or pale purple, 
with their contents coarsely granular ; so that they evidently 
absorb matter from their prey. Leaves of the Erica ielralixy 
flowers of a tlalium, scales of grasses, &c.,hkcwise adhered to 
some of the leaves* Sevoral of the esperimenta which were 
tri^ on Pingmcula vuhjarte w'ere repeated on P/njufewia 
lusitanim^ and these will now be given. 

(X) A uiodetfttoly sked and angular bit of was placetl on 

one side of a leaf, halfway between the midrib and the naturally 
involuted margin. I a 2 hrs. 15 m. the glands poured forth much 
secretion, and this side became more infolded than the opixtaite one. 
Tho inflection increaiied, and in 3 hrs. 30 m* extended up almost to tho 
apex. After 24 hrs* the margin was rolled into a cylinder, the outer 
surface of wluch touched tho blade of the leaf and reached to within 
1'^'^ of an inch of the midrib. After 46 hrs. it began to unfold, and 
in hra. was completely unfolded. Tho cube was rounded and 
greatly reduced in size ; the remainder being in a eciui-ii^ueficd 
state* 

(2) A moderately Bize<l bit of albumerk was placed near the apex of 
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a leftf, under the iiatuially mcurveil margin. In 2 hrs. 30 m imipli 
fioerdion excited and next mnniin^t the margin thift side™ 
more incurTed tlian opposite one but not to so greet e degree 
asm tbe last case. Hie margin unfolded at the same rate as before 
A Urge propjrtion of t}ie albumen vvas dmolvtd., a remnant beinc/ «tiiT 
left- 



(^) I^argc bita of aUmnwu were laid in a mw mi the midribs of tw<, 
leaves, Imt pnxluccd in the course of 24 hra. no eiTect j nor could this 
hsve licen expeotod, for even had glands existed here, the long bristles 
nould have prevented the albumen from coming in contact with them 
On both leaves the bits w^ere now pushed close to one margin and iii 
3 hrs. 30 m. this became so greatly inflected that the outer' surface 
touched tlie blade ; the opposite margin not being m the least affected 
After three days the margins of both leaves with the albumen were 
Etill as mildly inflect^l as ever, and the glands were still seerctm*^ 
<x>piot]&l3^ ^Vitb Finffui^tla vuJgaris 1 have never seen inflection 
lasting so long. 

(4) Two cabbage .weefs, after being f^oakcd for an hour in water, were 
placed near the margin of a leaf, and caused In 3 bi^. 20 m. incre^aaid 
secretion and incurvatioti. After 24 hrs, the leaf was partially 
unfolded, but tbe glands were still f^ecreting freely. These began to 
dry ill 48 Ims., and after 72 hrs. were almost dry. “The two seed^s wem 
then placed on damp sand under favourable eonditiona for growth; but 
they never germinated, and after a time were found rotten. They* bad 
no doubt been killed by the secretion^ 

(5) Small biti^ of a sjsmaeA- Imf caused in 1 hr. 20 m* increased se- 
cretion; and after 3 hrs. 20 m, plain incurvation of the margin. The 
margin ivas well inflected after 9 hrs. 13 m., but after 24 brg. was 
almost fully re^expaoded^ Tbe glands in contact with the spinach 
became dry in 72 hrs. Bits of albumen bad been placed the day 
beft>re on the opt>osito muigin of this same leaf, aa well as on that of a 
leaf with cabltage seeds, and these margins remained closely inflected 
for 72 hrs,, Elbowing bow much more enduring is the effect of albumen 
than of Bpinneh leave.s or cabbage seeda. 

(C) A. rovT of small fmtjmenh of was laid along one margin of 
a kaf ; no effect w as ptrcKiuced in 2 hrs. 10 m., but after 3 hrs. 25 m. 
there seemed to bo a trace of inflection* and this w as distinct* though 
not strongly marked, after G hrs. The glands in contact with tbe 
fragments now secreted more freely than irefore ; so that they appear 
to be more easily excitedi by the pressure of inorganic objects 
than are the glands of Pi?iguicula vulgaris. The above slight 
inflection of the margin had not increased after 24 hrs., and the 
were now beginning to dry» The surface of a leaf, near the midrib 
and towards the base, wag rubbed and scratched for some time, 
blit no movement ensued. The long hairs which arc situated here were 
treated in the eame manner, with no effect* This latter trial was made 
liccaiise I thought that the hairs might perhaps be sensitive to a touch* 
like the filaments of DiousdU 
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(7) Tbo floivopcduTicleSj sepals and petals bear glands la fjencral 
appearance like those on the leaves. A picee of a flowcr-piedmicje was 
therefore left for 1 hr. in a solution of one part of carlxsnate of 
ammonia to 437 of water, and this caused the glandg to change from 
bright pink bo a dull purple colour; but their contents exhibited no 
distinct aggregation. After 8 hrs. 30 m. they became colourless. Two 
minute cubes of albumen were placed on the glands of a flower’ 
I’ediincle, Hiid another cube on the glantb of a sepal; but they were 
not excited to increased secretion, and the albumen after two days was 
not in the least softened. Hence these glands apparently differ greatly 
in function from those on the leaves. 

From tho foregoing observatiotisoii Putguif^ulahmlmiica wa 
Bee that tho naturally mnoli incurved miiiging of the leaves 
are excited to curve still farther inwards by contact with 
organic and inorgatric bodies ; that albumen, cabbage seeds, 
bits of spinach leaves, and fragments of glass, cause the 
glands to secrete more freely; that albumen is dip solved by 
the secretion, and cabbage seeds killed by it ; and lastly that 
matter is absorbed by the glands from the insects which are 
caught in large numbers by the viscid secretion. The glands 
on the fiower-pednncles seem to have no such power. This 
species differs from Pinguicula vulgaris and gramlijlora in the 
margins of the leaves, when excited by organic bodies, being 
inflected to a greater degtee, and in the inflection lasting for 
a longer time. Tho glands, also, seem to be more easily 
excit(d to increased secretion, by bodies not yielding soluble 
nitrogenous matter. In other rcspectfl, as far as my observa- 
tions serve, all three species agree in their functional powers. 
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lincuhna mf^ta^htr^ActuJro. the MndJ^r-Thc u.^s ortho n«rt. 

.y™b«r «t impmoned ,ui™,ils_.\I,,,„e.‘ «f c»|,tun._Tl,e LWder/ca^^ 
.ilg(,rt s-mmal matter, hut ab>orb the product* „f it, decav 
cu the afeorpt.™ of certain Huid* be the c|„adriM prccea’eaiAK™ , 
;■ T m"",”' .""* ob^rvation, an abs',ption_Develo,Cn 



I ii^ AS led to investigate the htk 1 .>ils and stnicturo oT the 
species of tliis genus partly ln.jm tlieir hclonginf*" to the ^mne 
natural family as Pinguicula, but more especially by if r, 
Holland's BtateTuent, that “water insects are often found 
imprisoned in the bladders,” which lie siiHpeets “ are destined 
for the plant to feed oin” * I'he plants which I finst recoiyed 
as Uh mdaria vulgark from the Now Foi-est in Hamnshire 
and from Coimvall, and tvhich I have chieflv worked r 
haye been determined by Ur* Hooker to be a very rare 
British species, the LUricularia 7ieghcia of Lohm.f I subse- 
fluently received the true t'^rrew^ana tulgam from Yorkshire, 
Since drawing up the following description from my own 
observations and those of my son, rrancia Darwin, an 
important ineinoir by Prof, Cobn on UtriculuTift has 

appeared ; | and it has been no small satisfaction to luo to 
find that my a< 5 co’iint agreea almost completely with that of 
this distinguished observer* I will publish my description 
as it stf>od before reading that by Prof. Cohn, adding 
occasionally some Htatemontis on his authority* 



* 'I'bfi * Quart, Alrtg. of the Higli 
Wycombe Nat. Hist, Soc." July 1863, 
|J. 5 * DclpJiiy p bit. OiiseTvaa. sulla 
Wcognmia,’ £:e* lSS8-136fl, p* 16) 
«Iso quotes Crouan ns kaTitig found 
(18 j 8) crustaceans with 3 a the Uod- 
dcrs of Vtricuiaria vtiitjaris* 
t I am much iudebtei to the Ilev, 



H. ib Wilkiasotif of Jfistem;, for 
haring sent me several line lots nf 
this species fram the Xetr Forest. 
^Ir. Knlfs wua also bo kind as to seub) 
me living plants of the sumo sjiccies 
from near Peninnce inComwal]. 

J * Beitriige nir biologic der PHan- 
zen,' Jritte^ Heft, 1875, 
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Uirtcularm neglecia, — 'i'hc goneral appearance of a bmncli 
(about twico eu larged), witb. the pmnatifid leaves bearing 
bladders, is represented in the following sketch (fig, 17). 
The leaves continually bifurcate, so that a full-grown one 
terminates in from twenty to thirty points. Each point is 
tipped by a short j straight bristle ; and slight notches on tlio 




Fig, if* 

Knutch Tvith the divided leaves bearing bladdei^} abont twice enlurged. 



sides of the leaves bear Kimilar bristles. On both Bnrfaces 
there are many small papillm, crowned with two hemi- 
spherical cells in close contact. The plants float near the 
surface of the water, and aro quite destitute of loots, even 
during tho earliest period of growth,* They commonly 



* 1 Infer tllAt this Is the case from from the ^ Videnskabcli;^ ileddeleb 
a drawing of a seedling given by Dr, ser/ CopEnbagen, 1874, Nos. -3-7, pp, 

Warming in his paper, Bidrag til 33^8, [Cf. Kamienski, * Zeit/ 

Knnd^Valen om LentibulariaceEn,” 1877] p* 765,} 
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3nliftbif, as more than one ob.servcr ]iyg remarked in 
remiirkaWyfoulditclieg. 

The blailtlers offer tko chief point of intc?Teat. There are 
often t wo or three on the same divided leaf, gonomlly ^itsr 
the base ; thongli I have seen a siiiglo ono ^!:ruwin^r from the 
ateni. They are snpported on short footstalks. \Vhon fully 
jrrown, they are nearly Vtr an inch (2-54 mm.) b length 
Thay are ti'anehicent, oi a green colour, and the walls are 
formed of two layers of cells. Tho exterior cells ai-e poly- 
goual and rather largo ; hut at many of the points nhere the 
angles meet, there arc smaller l ounded cells, Tlieso latter 
support short conical projections, surmounted o hemi- 
spherical cells ill such close apposition tliat'they appe^ur 




( Utricularui 

njadder ; hiucJ] ent irB{?d. colkir Juuliatlnclly seen the i!rftSU. 

1 

V 

united ; hut they often separate a little when immersed in 
certain fluids* The papillru thus formed are exactly like 
those on the snr faces of the loaves. Those on the same 
bladder varj- much in sizo ; and there are a few, especially 
on Yoiy young bladders, which have an ellipticstl instead of 
a circular outline. Tho two terminal cells are transparent, 
Imt must hold much matter in solution, judging from the 
tjuautity^ coagulated by pinlouged immersion in alcohol or 
ether. 

11 le hladdera are filled with water* They generally, but 
by no means always, contain bubbles of air. According to 
the quautl ty of tho contained water and air, they vary much 
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in thielmoss, but aro ahvayfi i^ouicwbat e^mipi esfsfjtl. At an 
early of groTvtlij tlio Hat or ventral surfaco faces the 

axis or Bteiii; but the footistulks uiuEiit have some power oi 
movement [ fbr in platita kept in my g,reculious© the veutml 
surface was gonemlly tiirnetl either straight or oblir[uelj 
downwards. The IJev. IL M. AVilkingon esamined plants for 
me in a state of nature, and found this commonly to he the 
case, but the younger bladders often had their valves turned 
upwards. 

The general appearance of a bladder viewed laterally, with 
the appendages on the near side alone represented, is shown 
on the preceding page (hg- 18 )■ The lower side, %vhere 
the footstalk arises, is nearly straight, and T have called it 




KiO. 

Valve of grtatly etilargcul. 



the ventral surface* The other or dorsal stir face is convex, 
and terminates in two long prolongations, formed of several 
roTiVs of cells, containing chlorophyll, and bearing, chiefly on 
the outside, six or seven long, pointed, multicellular hiistles- 
Those prolongations of the bladder may be couvenicntly 
called the oftfettiwe, for the whole bladder (seo fig. 17) 
curiously resembles an entemostracan crustacean, tlie short 
footstalk representing the tail. In fig. 18, the near antenna 
alone is shown. Beneath the two antennee the end of the 
bladder is shglitly truncated, and hero is situated tho most 
important part of the wdiole structure, namely the entrance 
and valve. On each side of the entrance from three to rarely 
seven long, nmlticellular briEtlos project outwards; hut only 
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those, (four in number) on the near side are .bo^ the 
drawinR, ibeoe bnatles together ivitb those home bv the 

enl^re’. " Ihe 

■ “*■ or upwards 

in fig. 18. It IS attached on all sides to the bladder 

creopting by its posterior niargm, or the lower one in Ha'. 

19* ’iTfhicii 13 froe> siTid loruifi ono side of the &lit-lili6 oTifior* 

leading into the bladder. This margin is sharp thin S 

smooth, ami rests on the edge of a rim or collar 'which dins 

in tho longitudinal section 

i fif '' tI “i it » also shown at r. in 

ig. 18. 1 he edge of tho valve can thus open only inwards. 
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As both the valve and collar dip into the bladder, a hollow 

or depression is here formed, at tbe ba^o of which lies the 
Bhtdiko oi lUcG. 

T-he is colourless* highly tniiisparont, flexible and 

elastic* It is convex in a trausvei^e direction, but lias been 
drawn 19) in a flattened state, hy whicli its apparent 
breadth is increased. It is formed, according to Cohn, of two 
layers of small cells, which are contiDnoiis witti tho two 
layers of larger cells forming the walla of the bladder* of 
which it is evidentlj^ a prolongation* Two pairs of tians- 
pireut pointed brisEles, about ua long os tho valve itself, 
from near the free posterior margin (fig. 19), mid point 
oblitjtioly outwards in the direction of the tmtt'mife* There 

Y 2 
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iiro also on tlio sni^ace of tlie Talvo nrnneroiis glands, as I 
^vill call them; for they liave the power of absorption, 
though I doubt whether they ever secrete. They consist of 
three kinds, w^hieh to a certain extent j^aduate into one 
another. 'J’hose situated round the anterior margin of tho 
valve (upper margin in fig. 10) are very numerouB and 
crowded together; they consist of an oblong head on a long 
f}cdicoh The pedieel itself is formed of an elongated cell, 
surmounted by a short one, Tlie glands towards the free 
posterior margin aro much larger, few in number, and almost 
spherical, having short footstalks ; the head is firmed by the 
confluence of two colls, the lower ono answ^ering to the short 
upper coll of the pedioel of the ohlpng glands. Tlie glands of 
the third kind havo transversely elongated heads, and are 
seated on very short footstalks ; so that they stand parallel 
and close to the surface of the valve ; they may bo called 
the two-armed glands. The cells forming all those glands 
contain a nucleus, and are lined by a thin layer of more or 
less granular protoplasm, tho primordial utricle of MohL 
They aro filled with fluid, which must hold much matter in 
solution, judging from the (piantity coagulated after they 
havo been long immersed in alcohol or ether. The depression 
ill which tho valve lies is also lined with innnmorablo glands; 
those at the sides having oblong heads and elongated pe- 
dicels, exactly like tho glands on the adjoining parts of tbo 
valve. 

The collar (called tho peristome by Cohn) is evidently 
formed, like the valve, by an inw ard projection of the w alls 
of tbo bladder. Tho cells comjxteing tbo outer surface, or 
that facing tho valve, havo rather thick walls, aro of a 
hro'svnish colour, minute, very mimerons, and elongated ; the 
lower ones being divided, into two by vertical partitions* 
The whole presents a complex and elegant appearance. The 
cells forming the imior surface are continuous wdth those 
over the whole inner surfaco of the bladder. The space be- 
tween the inner and outer surface consists of coarso cellular 
tissue (fig* 20)* The inner side is thickly covered with, 
delicate bifid processes, hereafter to l>o doscribod. The collar 
is thus made thick; and it is rigid, so that it retains the 
same outline w^hether tho bladder contains little or much air 
and wrater* This is of great impoitance, as otherwise tho 
thin and flexible valve w'onld be liable to bo distorted^ and 
in this case would not act propeily* 



ciiAv. xm] sTRUcrruuK of the bladder. 



325 



Alto^ctlier iho entrance into the Uiulder, formed hy tbo 
transparent valve, ivith its four obliquely projecting bristlea, 
it» numerous diversely shaped glanda, eurrpmjdwl hy the 
collar, bearing glands tm the iiisidts and biistles on the out- 
side, together wit h the bristles borne by the antenna!, prosentji 
an extraordinary complex appearance when viewed under the 
jjiicroiicopo. 

W c will now consider the intenial structure of the bladder. 
The whole inner sni face, with the exception of tlie valve, is 
seen under a moderately high power to be covered with a 
Berried mass of proces&fjs (iBg. 21}. Each of these consists of 
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four divergent erius , whence their naiuo ctf qnadrifid 
processes, They arise from small angular wll>«. at the 
jimctioiis of the angles of the larger cells which form the 
interior of tho bladder. The middle jiart of ihe 
surface of these email colle prtijects a Utile, and then cun- 
tracte into a %'cry short and narrow^ footstalk which Ijoarj le 
four anna (fig. 2*2). Of thcao, two are long, hut often of not 
quite equal length, and prtqoct oblhiiicly 
towards the jxisteiior end of the bladder. The two o 
are much shorter, and project at a tmiiller angle, la **' 
more nearly horizontah and arc directed towaidu Jbe an t 
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ond of tho bio elder. These arms are o^ly moderately sharp ; 
they are composed of extremely thin, transparent membrane, 
so that they ciin he bent or doubled in any diroctiou without 
being broken. They are lined with a delicate layer of 
protoplasm, as is likewise the short conical projection from 
which they arise. Each arm generally (but not invariably) 
contains a minute, faintly brown particle, either rounded 
or more commonly elongated, which exhibits incessant 
iirowmlau movements. Tbese particles slowly change their 
positions, and tmvtl from one end to the other of the arms, 
i)ut are commoiily found near their bases. They are present 
in the qnadrifida of young bladders, when only about a third 
of their full size. . They do not resemble ordinary nuclei, but 
I believe that they are nuclei in a modified condition, for 
'when absent, I could occasionally just distinguish in their 
places a delicate halo of matter, including a darker spot. 
Moreover, the quadHflds of Utricularia Montana contain 
rather larger and much more regularly spherical, hut 
otherwise similar, particlcH, which closely rcsomhlo the 
nuclei in the cells forming the walls of the bladders, In the 
present case there were sometimes two, three, or even more, 
nearly similar particles within a single arm ; but, as we shall 
hereafter see, the presence of more than one seemed always 
to bo connected with the absorption of decayed matter. 

Tho inner side of the collar (see the previous fig. 20) is 
covered with several crowded rows of processes, differing in 
no important respect from tho quadiifids, except in bearing 
only two arms instead of four; they are, however, rather 
narrow'er and more delicate. I shall call them the bifids. 
They project into the bladder, and are directed towards its 
2>OBterior end. The quadrifid and bifid processes no doubt 
arc homologons with the papillm on the outside of the bladder 
and of the leaves ; and we shall see that they arc developed 
from closely similar papillm. 

The Use^ of the several After tho above long but 

necessary desonption of the parts, tvc will turn to their uses. 
Tho bladders have been supposed by some authors to serve 
as fioats ; but branches which bore no bladders, and others 
from which they had been removed, floated perfectly, owdng 
to the air in the intei'cellular spaces. Eladdors containing 
dead and captured animals usually iudnde bubbles of air, but 
thoBO cannot have been generatod solely by the process of 
decay, as I have often seen air io young, clean, and empty 
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-L.liuldors ; Jiml some old Wadclors ivitli much dccayinff mattor 
Iiad no bubbles. ® 

Tlio real neo of tho bladdora is to capture small aquatic 
animals, ami tins they do oiv a large scale. In the first lot of 

plants, wbich 1 recei^^ed from tbo Now Forest early in July 
a large prtjpoit ion of the fully grown bladders centamed prey* 
in a second lot, received in tlio beginning of August, m^t of 
the bladders were empty, but plants bad been soFcctcd which 
had grown in nmisnally pure water. In tJie first lot, my boh 
exam i nod seventeen bladders, including prey of eouie kind 
and eight of tbese contained entomostracan crus taceuns, three 
hnvRi of iijseets, one being still alive, and six lemnants of 
animals so much decayed tliat their nature could not he 
distinguished. I picked out five bladders which seemed very 
full, and found in them four, five, eight, and ten crustaceans, 
and in the fifth a single much elongated larva. In five other 
bladders, selected from containing remains, but not appearin-'- 
very full, tliere were one, two, four, two, and five cruetaccans, 
A plant of Uirk'ulana which had been kept in almost 

pure water, was placed by Cohn one evening into water 
swarming with crustaceans, and by the next morning moat 
of the Idadders contained these animals entrapped and 
swimming round ajid round their prisona. They remained 
alive for several dayaj but at last perished, asphyxiated, as I 
suppose, by the oxygen in the water having Ikictl all con- 
sumed. Freshwater worms were also found by Cohn in seme 
bladders* In all cases the bladders with decayed remains 
swarmed with living Algee of many kinds, Infusoria, and 
other low organisms, which ovidently lived as intruders. 

Animals enter the bladders by bending inwards the pos- 
terior free edge of the valve, which from being highly elastic 
shuts again instantly. As the edge is extremely thin, and 
fits closely against the edge of the collar, both projecting into 
the bladder (see section, fig, 20), it would evidently he very 
difficult for any animal to get out when once imprisoned, and 
apparently they never do escape. To show how closely tho 
edge fits, I may mention that my eon found a Daphnia which 
had inserted one of its antennm into the slit, and it was thus 
held fust during a whole day. On three or four occasions I 
have seen long narrow 'larvm, both dead and alive, wedged 
between the corner of the valve and collar, with half their 
bodies within the bladder and half out- 

As 1 felt much diflicnlty in midei standing how such 
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minilfo aijtl weak animalj?, as arc t>ften ca.pt mccl, couKl force 
their ^\ixy into the bladdei'S;^ I tried, man^'' experiments to 
ascertain how this was affected. The free margin of tho 
valve i>ends so easily that no resistance is ±cU when a needle 
or thin bristle is inserted^ A thin hnnian hnii\ fixed to a 
handle, and CTit off so as to project barely ^ of an inch, en- 
tered with some difficulty ; a longer piece yielded instead of 
entering. On three occasions miimte particles of blue glass 
(so as to he easily distinguished) were placed on valves 
whilst under Tvater; and on trying gently to move them 
with a needle, they disappeared so suddenly that, not tee- 
ing what had happened, I thought that I had ilirted them 
off; but on examining the bladders, they wore found safely 
enclosed. The same thing occurred to my ecu, wdio placed 
little cubes of green box- wood (^bout^^^ of an inch, ’42d mm.) 
on some valves; ami thrico in the act of placing them on, or 
w hilst gently moving them to another spot, the valve sud- 
denly opened ami they w'cre engulfed, flo then placed 
similar bits of wood on other valves, and moved them about 
for some time, but they did not enter. Again, particles of 
blue glass were placed by me on three valves, and extremely 
minute shavings of lead on two other valves ; after 1 oril lirs. 
none had entered, but in from 2 to 5 hrs. all five were 
enclosed. One of the particles of glass was a long splinter, 
of which ono end rested obliquely on f]i© valve, and after a 
feAv hours it was found fixed, half within tho bladder and 
half projecting out, wdth. the edge of the valve fitting closely 
all round, except at one angle, ’ivhere a small open space was 
left. It was so firmly fixed, like the above-mentioned larvas, 
that the bladder waa torn from the branch and shaken, and 
yet the splinter did not fall out, Jly eon also placed little 
cubes (about of an inch, *391 mm.) of green LK>x-W'ood, 
which were just heavy enough to sink in water, on (hree 
valves. These were examined after 19 hrs. 30 m., and were 
still lying on the valves; but after 22 hrs. 30 m. one was 
tumid enclosed. I may here mention that I found in a 
bladder on a naturally grow ing plant a giaiu of sand, and 
in another bladder threu grains; these mu^t Ijave fallen by 
Komo aecident on the valves, and then entered like the ptar- 
tides of glass. 

The slow bonding of tho valve from tho weight of particles 
of glass and even of box-wcrxl, though largely supported l>y 
tbo water, Ib, 1 suppose, analogous to ihe slow bending of 
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collmd suljstaiices. For inalatico, particles of glass weio 
placed oij vftMOBK points of narixiw strips of moistened gels- 

nno, and theBe yieidud and became bent ^vitli extreme low- 
ness. Jt is much more difficult to imderbtaud liow condv 
movinji a particle from one part of a valve to another eauaei 
it suddenly to open. ^J’o aEcertam whether the valves were 
endo^ved with irritability, the eurfaees of several were 
sc latched Avith a needle or brushed with a fine camel-hair 
tirmh, so as to imitate the crawling' movement of Email 
crustaceans, but tbe valve did not open, ^oino bladders, 
before being brushed, w ere left for a time in water at tern- 

jieruturoH betw een SO"" and 130° F. (2G® 6 54® ‘4 Cent.), as, 

judging from a wide-Bpread analogy, this -would have ren- 
dered them more sensitive to irritation, or would hy itself 
have excited movement ; but no effect w^as produced. W o 
may therefore conclude that animals enter merely by forcing 
their w-ay through the slit-like orifice ; their heads serving 
as a wedge. But I am surprised that such small and weak 
creatures as are often captured (for inslanee, the nauplius of 
a crustacean, and u tardigrade) should be strong enough 
act in this man u or, seeing that it was difficult topiuh in one 
end of a bit of hair ^ of an inch iu length. Never f.heless, 
it is certain that weak and small creatures do enter, and 
Mrs. Treat, of New^ Jersey, lias been more succesfiful than any 
other observer, and has often ^vitnessed in the case of 
Utriculna dandcstma tho whole process.* She saw a tardi- 
grade slowly w^alking lound a bladder, as if reconnoitring; 
at last it crawled into tho depreesion wffiero the valve licis, 
and then easily entered. She also witnesKed the entrapnient 
of various minute crustaceans. Cypris ‘^was quite warj% 
‘‘ but nevcrtholess was often caught. Coming to the entrance 
^^of a bladder, it would some times pauisea moment, and then 
‘' dash away ; at other limes it would come close up, and oven 
*‘‘‘ venture part of the w'a}" into tho entrance and back out ai> 
“if afraid. Another, more heedless, w'ould open tho door 
“and walk in; but it ’was no sooner in than it mamfeHted 
“alarm, dre^v in its feet and antennae, and closed its shell. 
Larvae, apparently of gnats, wdicu “ feeding near the ou- 
“ trance, are pretty certain to run their heads into the net, 
" w'henco there is no retreat. A largo larva is gci no times 



* *Xe^' York Tribnue,’ rcpriiiteJ ia tliiC ‘ fiaril. ChrflU.* 1875, p. 303. 
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“throo 01’ four hours in l>eiiig gwallowod, the process bring- 
ing to mind wliat I have witnessed when a small snake 
makes a large frog its victim.” But as the valve does 
not appear to Ije in tho least irritable,* the slow swallowing 
proce-ss must he the effect of the onward movement of the 
larva. 



It is ’difficult to conjecture what can attract so niany 
croature^i animal- and ■vegotahle-feeiiing crustaceans, worms, 
tardigrades, and various larvfc, to enter tho bladders. 
Mrs. Treat saj^s that the larv® just referred to are vegetable 
feeders, and seem to have a special liking for the long 
bristles round the valvo, but this taste w'ill not account for 
the entrance of animal- feeding crustaceans. Perhaps small 
aquatic animals habitually try to enter every small crevice, 
like ttiat between the valve and collar, in search of food or 
protection. It is not probable that the remarkable trans- 
parency of the valve is an accidental circumstance, and the 
spot of light thus formed may serve as a guide, Tho long 
bristles ronird the entiuuco apparently serve for tho same 
purpose. I believe that this ia tire case, because the bladders 
of some epiphytic and marsh species of Utricu lari a which 
live embedded either in entangled vegetation or in mud, have 
no bristles round tho entrance, and these under such condi- 
tions w’ould ho of no service as a gnitle. Nevertheless, with 
these epiphytic and marsh species, two pairs of bristles pro- 
ject from tho surface of the valve, as in the aqnatic Bpcoioa \ 
and their use probably is to ptrevenfc too largo animalB from 
trying to force an entrance into the bladder^ thus rupturing 
the orifice. 



Aa Tinder favourable Gircumstances most of the bladdors 
succeed in securing proy, in one case as many as ten ci’iista- 
ceans ; — as the valve is so well fitted to allow animals to 
enter and to prevent their escape ; — and as the inside of the 
bladder prcsotita bo singular a structure, clothed with innu- 
merable quadrifid and bifid processes, it is imposRiblo to 
doubt that tho plant has been specially adapted for securing 
prey* Prom tho analogy of Pinguieula, belonging to tho 
same family, I naturally expected that tho bladders v'oiild 
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* [GulJccl l^y htr obsci-vntions (' Harptr’a Mngaiinc,* Feb. 1S7G) oil tie act 
of cal^tu^e, Mrs. Treat concludes that the va.\ve is irritable. — F. D.] 
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have differed their prey ; but this is not the case ..,,1 ti. 
are no glands fitted ior secreting tie pronor V***^*^ 

thelcss, ill order to test their power of aii»™+;^' 
fragments of roast meat, three small cubes o®f albumen Tnd 



three of cartilage, ivore pushed through the orifice into the 
hkddcrs They were loft from one 



to three dava and a half within, and the Waddora were then 



out open : but none of the above substances exhibited the 
least signs of digestion or dissolution ; the angles of the 
cubes lieiiig as sharp as even These observations were made 



subsequently to those on Droscra, Dionma, DrosouhvU 
and I’lnguicnla ; so that I was famikr with the annoara 



Tim, 



of these substaiicfB when undergoing the earlv'*^in'd^r^T 
stages of digestion. We may |thereforo oendude th^ 




Ctricularia cannot digest tbo animals which it hahituallv 
captures, 

lu most of the bladders tlie captured animals arc so much 
decayed that they form a pale hroivn, pulpy mass, with 
their ehitiuous coats bo tender that they fall to pieces with 
tbo greatest ease, Xho hlaot pigniciit of the eye-spot^ is 
piesot ved bettor than anything olse^ Limha, jaws, &c, arc 
often found quite detached ; and this I suppose is the result 
of the vain struggles of tbo later captured animals. I have 
aoniotimes felt surprised at the small proportion of im- 
piisoned animals in a fresh state compared with thoso utterly 
decayed.* Mi's. Treat states with respect to the laiwaa above 
referred to, that usually in Icsa than two days after a large 
“one was captured the fluid contents of the hladdej's began 
“ to assume a cloudy or muddy appearance^ and often became 
*‘so dense that the outline of the animal was lost to view." 
Ihis statement raises the suspicion that the bladders secreto 
Wine ferment hastening the process of decay* There ia no 
inherent improbability in this supposition, considering that 
meat soaked for ten minutes in water mingled %vith the 
juice of the pipaw becomes quite tender and booh 
passes, as Browno remarks in his ^Natural History of 
Jamaica/ into a state of putridity* 

Mhethor or not the decays of the imprisoned animals is in 
way hastened, it is certain that matter is ahaorbed from 



[Schhnper {‘ Efitaiikdio Zeitung/ 1832, p* 245) was struck l>y the same 
tfitt in thQ fnss U. CorRuia.—F. D.j 
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thorn hy tho qiiadrifid and bifid procesisos* 3 lie extremely 
delicate" miture of tho inembrano of which these proccsaea 
rtro foi’mcd^ and the large eiirface which they expose^ owing 
to theix nutnbor crowded over tiio whole i uteri or of the 
bladder, are CLi'cnmetauces all h^voiiring tho ]>rocess of 
absorption. Many ]>erfectly dean biaddti-s which had never 
caught any prey ■were opened, and nothing could bo difctin- 
guished with a !No. 8 object-gla'^s ot llartnach within tho 
delicate, fetructurdess protoplasmic lining of the arms, ex- 
cepting in each a Eiiiiiglo yellowish particle or modifiod 
niideuLft. Somotiuios two or even three such particles were 
present ; but in this case traces of decaying matter could 
generally he detected. On the other hand, in Idadders con- 
taining either ono large or Bcvcral small decayed atiiinals, 
the processes presented a widely different upjx^araneo. Six 
such bladders were carefully examined ; one contained an 
elongated, coiJed-up larva ; another a single largo entomo- 
etracan crustacean, and tho others from two to live smaller 
ones, all in a decayed state. In flieso i^ix bladders, a large 
number of the quad ri fid processes contained transparent, 
often yellowish, more or less confluent, spherical or irregu- 
larly shaped, maescs of matter. Some of tho processes, 
however, contained only fine granular matter, tho particles 
of which wore SO small that they could not be defined clearlv 
with No, 8 of Hartnack. Idio delicate layer of piotoplasni 
lining tbeir walls w as in some cases a little shrunk.* On three 
occasions the above small massed of matter were obeevved 
aLd sketched at short intervals of time ; and they certainh’' 
changed their positions relatively each other and to ^he 
walls of the arins* Separate masses sonic times became con- 
fluent, and then again divided. A single little mass would 
send out a projection, which after a time separated itself 
Hence there could be no doubt that these masses consisted of 
protoplaBin, Heaving in mind that many clean bladders 
were examined with equal caro, and that thoBC presonted no 
suck appearance, we may conlidently believe Uiat the pro- 



* [Schljnper (Joe, cii. p. 2i7) ob- 
served A inftrked Jlifcrcnco in the 
flppearaaee of the haira in thoao 
bladders of U. which contain 

captni’ed prei,''. Tlie protoplasm is 
aouaetiinea more gi'fttiular tiiaa in 



empty bladders, but the comniouest 
chaage iii a collection of tha pro- 
t<j plasm in the caib of the cell where 
it is *uspenklod by i-adiatlug strands 
to the delicate layer of protoplaai'f' 
liuiD!^ the walls. — D.] 
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toplasm in th<^ above cases had been generated by tl.o 
absorption of nitrogenous matter from the decaying auimak 
In two or thrco other Idaddei-s, ivhich at fiiist appeared ouite 
clean. On careful search a few prooossea ivere found with 
their outsider clogged with a little brown matter, showin^^ 
that some miniito animal liad been captured and had de- 
cayed, and tho arms hero included a very few more or less 
sphciical and aggregated masses; the processes in other 
parts of the bladders being empty and transparent. On the 
other hand, it must bo stated that in three bladders con- 
Uining dead crustaceans, the processes wore like w' fee empty* 
This fact may bo accoTinted for by the animals not having 
been sufficiently decayed, or by 'time enough not having 
been allowed for the generation of protoplasm, or by its 
eubsequent absorption and transforence to other parts of tho 
plant. It will hereafter bo seen that in three or four other 
species of Utncularia the quadrifid processes in contact with 
decaying animals Hkowdsc contained aggregated masses of 
protoplasm. 

On thfi AhBorpitan of certain f'lnid^ hj the Qmilrijid and 
B'fd Processes . — These experiments were tried to ascertain 
whether certain fluids, which seemed adapted for the purpose 
would produce the same effects on th© processos as the 
absorption of decayed animal matter. Such esperimentg are, 
how^ever, troublesome * for it rs not sufficient merely to place 
a branch in tiie fluid, as the valve shuts so closely that the 
fluid appamitly does not enter soon, if at all. Even Tvhen 
bristles were pushed into the oriflcee, they were in several 
cages wTapped so closely round by the thin flexible edge of 
tho valve that tho fluid was apparently excluded ; so that 
the experiments tried in this manner are doubtful and not 
worth giving. Tho best plan Tvould have been to puncture 
i the bladders, but I did not think of this till too late, 
j excepting in a few cases. In all such trials, how^ever, it 
] cannot be ascertained positively that the bladder, though 
translucent, does not contain some minuto animal in the 
last stage of decay. Therefore most of my experiments were 
made by cutting bladders longitudinally iuto tivo; the 
^uadriflds were examined with I^^o. 8 ol Ilartnack, then 
irrigated, whilst under the covering glass^ with a few drops 
of the fluid under trial, kept in a damp chamber, and re- 
oxainined after stated intervals of time with the same power 
aa be lore. 




Darwin Online: courtesy Oklahoma University Libraries 



334 



UTRICTJLAEIA NEGLECTA, 



[CHAr. XYII, 



Four l^larldera were first tried as a codItoI cx]ieritnent, in the manner 
deacriMi in a solution of one of ambic to 218 of water, 
and two bladders in a solution of one part of sugar to 4 a 7 of water ; 
and in neither case w^as any change jxirceptible in the quadrifidB or 
bifids after 21 hrs- Four bladders w'crc then treated in the Rame 
manner with a solution of one ]3art of nitrate of ammonia to 437 of 
water, and roe^camined after 21 hrs. In two cf these the quodrifids 
now appeared full of very finely granular matter, and their protopiasmic 
lining or primonlial utricle was a little ahmnk. In the third bladder, 
the quadrifida included distiuctly visible granules, and the primordial 
utricle was a little slinnnk after only 8 hrs. In the fourth bladder the 
primordial utricle in ino&t of the processes w'as here and there 
thickened into little irregular yellowish specks ; and from the gradations 
which could bo traced in this and other cases, these specks appear to give 
rise to the larger free granules contained wirldn some of the processes. 
Other bladders, which, as far as could be judged, had never caught any 
prey, were punctured and ^ left in the same solution for 17 hrs,j and 
their quadrifids now continued very fme granular matter. 

A bladder was bisected, examined, and irrigated with a solution of 
one part of carbonate of ammonia to 437 of water. After 8 hrs. 30 m, 
the quad ri fids ccmtalncd a good many granules ^^i^d the primordial 
utricle was?, somewhat shnmltj after 23 hrs* the quaiJrifids aud bifids 
contiUQcd many spheres of hyaline matter, and in one arm tiventy-four 
such spheres of moderate size were counted, Ilwo bisected bkuiders, 
which had been previously left for 21 hrs. in the solution of gum (one 
part to 218 of water) witliout being affected, were irrigated with the 
solution of carbonate of ammonia ^ and both had their quad ri (id a 
modified in nearly the same manecr as juat d escribed, — one after only 
9 hrs., and the other after 24 hrs. Two bladders which appeared 
never to have caught any prey were punctured and placed in the 
solution ; the quadrifids of one were examined after 17 hrs., and found 
slightly opaque ; the quadrifids of the other, examined after 45 hrs., had 
their primordial utricles more or lews shrunk wdth thickened yeilotvish 
Slacks like tlioae duo to the action of nitrate of ammonia. Several un- 
injured bladders were left in the Mme solution, as w^ell os in a weaker 
solution of one part to IToO of water, or 1 gr. to 4 os. ; anti after tw^o davs 
the quadrifids were more or lesa opaque, with their contsnte finely 
granular i but whetlier the solution bail entered by the orifice, or had 
been absorheil from the outside, I know not. 

Two bisected bladders were iriigated with a solution of one part 
of ur^ to 218 of water j but when this solution was employed, I foiigot 
that it had been kept for some days in a wanii room, and had there- 
fore probably generated ammonia ^ anyhow, the qiiadrifids were 
affected after 21 hrs, as if a solution of carbonate of ammonia had been 
Used; for the primordial utricle was thickened in specks, which seemed 
to graduate^ in to separate granules. Three bisected bladders were also 
irrigated with a fresh solution of urea of the same strength ; their 
quadrifids after 21 hrs. iivcrc much less affected than in the former 



iiWirtK 



•'jf hru 
^odfEaill 
iui 

^ cf the 

I 



Hr 






Darwin Online: courtesy Oklahoma University Libraries 




m bladder Borac of tlio qiiadrlfids were siinikrly acted ol thouch to 
r a very slijjlit degree ; wliilst tlie third Hadilcr was not at all affected. 

I From these experiments it is clear that the qnadrjfid and 
I hifid processes liavo tlie power of ahsorhing carhonate and 
r nitrate of ammonia, and matter of some kind from a putrid 
I infusion of meat, [Salts of ammonia were eelocted for trial 
I as the}^ are known to l>e rapidly generated by the decav of 
i animal matter in the presence of air and water, and would 
I therefore be generated within the bladders containing cap- 
I tnred prey, d’he effect produced on the processes by these 
I salts and by a putrid infusion of raw meat differs from tliat 
I produced by tlie decay of the naturally captured animals 
t only in the aggregated masses of protoplasm being in tho 
I latter case of larger si^e ; but it is probable that the hne 
I grannies and small hyaline spheres produced by the solutions 
F would coalesce into larger massesj with time enough allowed. 
I We have seen with Droseva that the first effect of a weak 
I solution of carbonate of ammonia on the cell-contents ia tho 
I pnxluctioii of the finest granules, which aftenvards aggro- 
i gate into larger, more or less rounded, masses ; and that the 
k granules in tho layer of protoplasm which fiows round the 
I W'alls ultimately coalesce with these inaasee. Changes of 
I this nature aro, however, far more rapid in Drosera than in 
f Utricularia. Since the bladders have no power of digesting 
I albumen, cartilage, or roast meat, I w'as surprised that matter 
I was absorbed, at least in one case, fivm a fresh infusion 
I of raw meat. I was also surprised, from ’what we shall 
[ presently see with respect to the glands round the orifice, 

I th,^t a fresh solution of urea produced only a modjerato effect 
, on the quad ri fids. 
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As th .0 quaJriflda aro developed from papillte which at 
first closely resemble tlioao on the ootside of thti bladders 
and on the eiirfaces of tho leaves, I may here state that the 
two hemispherical cells with which these latter papilhe are 
rvowned, and which in their natural state are perfectly 
transparent, likewise absorb carbonate and nitrate of am- 
monia [ for, after an imniersion of 23 hrs. in solutions of one 
part of Uith these salts to 437 of water, their primordial 
utricles wero a little shruali and of a pale brown tiat, and 
sometimes hnely pjramdar* The same result followed from 
the immersion of a wdiolo branch for nearly three days in a 
solution of one part of the carbonate to 1750 of water. The 
grains of chlorophyll, also, in tho colls of the leaves on this 
branch became in many places aggregated into little green 
masses, whicli w^re often connected together by the finest 
threads* 

Ort th^‘ Almrpilon of ceriain Fluids hj th^ Glands on the 
Yalve mid Collar . — Tho glands round the orifices of bladders 
which are still young, or Avhich have been long kept in 
moderately pure water, are colourless ; and their primordial 
utricles are onl}’ slightly or hardly at all granular* Ihit in 
the greater number of plants in a state of uatui'O — and we 
must remember that they generally grow in very foul water, 
—and with plants kept in an aquarium in foul water, most 
of the glands were of a pale brownish tint ; their primordial 
utricles w'ero more or less shrunk, sometimes niptured, with 
their contents often coarsely granular or aggregated into 
little masses. That this state of tho glands is due to their 
having absorbed matter from the surrounding water, I 
cannot doubts for, as we shall immediately see, nearly the 
same results follow from their imiuersion for a few hours in 
various solutions. Nor is it probable that this absorption is 
useless, seeing that it is almost imivei'sal with plants graiv- 
iugiu a state of nature, excepting when the water is remark- 
ably pure. 

Tho pedicels of the glands winch are situated close to the 
slit-like orifice, both those on the valve and on tho collar, 
are short; w'hercas the pedicels of the more distant glands 
are much elongated and project inivarila. The glands arc 
thus w^ell placed so as to be washed by any fluid coming out 
of the bladder through the orifice. The valve fits so closely ^ 
judging from the I'esult of immersing uninjured bladders in 
various solutions, that it is doubtful whether any putrid 
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Chap. XYII.] ABSOUPTIOK BY THE GLANDS 

fluid baLitually passea out wards. Ri;t we miiB# , 

a bladder gouerally captures eovoTal animals * 
time Li fresh ftniii.al enters, a puff 
out and bathe the glands. Moreover T h-LT^o 
found that, by gently pressing bladders which cnnt^nS 
minute bubbles were driven oat thiotigh. the orifi™ - .L 
a bladder is laid on blotting paper and^gently prLed, wat» 
oozes out. In this latter case, as soon es tile pree^nr^ is 
relaxed mr IS drawn in, and the bladder recovers its proper 
torm. If It IS now placed under water and again Lntlv 
, pressed, minute bubbles issue from the orifice nowhere 
else, showing that tho walls of the bladder have not been 
ruptured. I mention this because Cohn quotes a statement 
by Irevirenus, that air cannot be forced out of a bladder 
without tQ^tunng it. We may therefore oonelude that 
whenOTer air is secreted within a bladder already full of 
water, some water will be elcwly driven out throu*^h the 
orifice. Ilenco I can hardly doubtW the 
crowded round the orifice are adapted to absorb matter from 
the putrid water, which will occasionally escape from 
bladders including decayed animals, ^ 



In order to test this conclosiou, I expcrimeritcd with various 
Bolutious on the glands. As in the case of the quAdrifids, ealts of 
ammonia were tried, since these are generated by the final decay of 
animal matter under water. Unfortunate]}^ the gkntbi cannot be 
cAiefuUy examineii wdiilst attached to the bladders ia their entire 
state. Their summits, therefore, including tho valve, collar, and 
autennfii, w-ere aliced off* and tho condition of the gknda observed; 
they^wero then irrigated, whilst beneath a covering glass, with the 
solutions, and after a time re-esamined 'with the same povror as boforoj 
namely No* S of Hartnack, The following oxperlmeDta were thus 
made. 

As a control experiment Bolutlons of one part of white sugar and of 
one part of gum to 218 of wate.r were first used, to see whether these 
produced any change in tho glands- It was also Eccessary to observe 
whether the glands were afToctod by the summits of the bladders having 
been cut off* The summits of four w-ere thus tried ; one being esam- 
ined after 2 hrs, 30 m., and tho other three after 23 hrs. ; but there 
TrVas no marked change in the glands of any of them. 

Two simmiits bearing quite colourless glands w'ero irrigated with a 
solution of carbonate of ammonia of the same strength (viz. one part 
to 218 of water), and in 5 m. the primordial utricles of moat of tho 
glands w*cre somewhat contracted ; they w'er© also thickened in specks 
or ijatchea, and had assumed a pale brown tint* When looked at 

z 



r 



338 UTEICULARIA NEGLECTA. [Chap. XYH- 

again after 1 lir. 30 m., moat of them presented a Boraewliat tlifferent 
appearance, A third epedmen was treated with a weaker floiutiim 
of one part of the carbonate to 437 of water, and after 1 hr. the glands 
were pale brown and contained numerous gramilos, 

Eour summits were irrigated with a solution of one part of nitrate 
of ammonia to 437 of water. One was examined after 15 m., and the 
glands seemed affected j after 1 hr. 10 m. there \v&s a greater ebange^ 
and the primordial utricles in most of them were somewhat ahriink, 
and included many granules. In tho second specimen, the primordiaL 
utricles were considerably shrunk and brownish after 2 brs. iSimilar 
effects were observed in the two other specimens, but theso were not 
oxamined until 21 hrs. had €la|>sed. The nuclei of many of the 
glands apparently had increased in Five bkdders on a branch, 

which had been kept for a long time in moderately pure water, were 
cut off and examined, and their glands found very little modified. 
The remainder of this branch was placed in the solution of the nitrate, 
and after 21 hrs. two bladders were examined, and all their glands 
were brownish, with their primordial utricles somewhat shruri and 
finely granular. 

The summit of another bladder, the glands of which were in a 
l>eautifally clear condition, was irrigated with a few drops of a mixed 
tiolution of nitrate and phospate of ammonia, each of one to 437 
of water. After 2 lirs, some few of the glands were browmiah. After 
8 hrs. almost all the oblong glands were brown and much more opaque 
than they were before ; their primordiarntrioles were somewhat shrunk 
and contained a little aggregated panular matter. The spherical 
glands were still white, but their utricles were broken up into three or 
four small hyaline spheres, with an irregularly contracted mass in the 
middle of tho basal part. Those smaller spheres changed their forms 
in the course of a few hours, and some of them disappeared. By tlm 
next morning, after 23 hrs. 30 m., they had all disappeared, and the 
glands were \brown ; their utricles now formed a globular shrunken 
mass in the middle. The utricles of tho oblong glands had shrunk 
very little, but their contents were somewhat aggregated. Lastly, tho 
summit of a bladder which had been previouftly irrigated for 21 hrs. 
with a solution of one part of sugar to 218 of water without being 
affected, was treated with the above mixed solution; and after 8 hrs. 
30 m. all the glands became broivn, with their primordial utricle® 
slightly shrunk. 

Four summits were irrigated with a putrid infusion of raw meat. 
No change iu the glands was observable for sr)mc hours, but after 
24 hrs, moat of them hod become brownish, and more opaque and 
granular than tliey were before. In these specimens, as in thoso 
irrigattd with tho salts of ammonia, the nuclei seemed to havs 
increased both in size and solidity, hut they were not measured. Five 
summits were also irrigated with a fresh infusion of raw meat ; three 
of these were not at all affected in 24 hrs., hut the glands of the other 
two had perhaps become more granular. One of the spoclmong wMch 
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affected was thea irritated witK tiia j i 
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contained from four or five to a dozen cramilea Afi* gla^idji 

hours their primordial utricles wero greatly ahnink addiUoaai 

The summit of a bladder was eiamined nnd o*n i i . 
coloiirlcBfl, with their primordiaL utricles not at all 
of the ohlong glands contained granules just resohabk^tlf V 
Eartiiaok, It waa then irrigated with a ferdra^rf^^J^ 
of one part of urea to 2ie%f water/ AfZ 2 C 2S ^ T 
spherical glainls vvero atill colourless j whilst the oblong aild 
ones were of a broiynish tmt, and their primoidJa] utridea 
shrunk, some contamm- distinctly visible graamlei. ATte? a W 
some of tlje spherical glands were brownish, and the obW 
vverc still more changed, but they contained fewer separate rules’ 
their nuclei, on the other hand, npi>eared larger, as if they had absorbs! 
the granules* After 23 hrs. all the g]an£ were brown, their pri- 
mordial utncles greatly shrunk, and in many cases ruiitui^ ^ 

A bladOer was now experimented on, which was alrcndygomewlijit 
a&oted by the snrruunamg water ; for ths spherical glands, thouih 
colourless, Lad their primordial utricles aliglitly sliruuk ■ and 
oblong glands were brownish, with their utricles much, but irreimlarlv 
fhrunk. Th^ summit was treated with the aylution of urea, but w-aa 
little affecteti by it in 9 iirs.? nevertheless, after 23 hrs. the apberical 
glands were brown^ with their utricles more shrunk; several of tho 
other glands were Etill browner, with their utricles contracted into 
irregular little masses. 

Two other summits, with their glands colourless and their utrides 
not shrunk, were treated with the same solution of urea. After 6 hra. 
many of the glands presented a shade of browm, with their utricles 
slightly shrunk* After 20 lira. 40 tu. some few- of them were quite 
brown, and contained irregularly aggregated maaaes; others were BtOl 
coiotirlesfi, though their utricles ivero shrunk ; but the greater number 
were not much affected. This was a good instance of how unequally 
the glands on the same bladder are sometimes affected, as likewitio 
otten occurs with plants growing in foul water. Two other summits 
were treated with a solution which had lieen kept during sevcml days 
m a warm room, and tlidr glands were not at all affected when 
eiamined after 21 hours* 

A weaker solution of one part of urea to 437 of water was next fried 
on ais summits, all carefully examined before being irrigated. The 
first W3.S tc-examined after 8 hrs* 30 m., and the glands, including the 
spherical ones, xvero brown; niany of the oblong glands having their 
primonlial utricles much shrunk and including granules. The second 
summit, before being irrigated, hod been somewhat affected by the 
surrouiiding water, for the spherical glands wore not quite uniform in 
ap^rance; and a few of tho oblong ones were brown, with their 
J^trides shrunk. Of tho oblong glands, those which were before colour- 
Ifsg, became brown in 3 hr®, 12 m. after irrigation, with their utricles 
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slightly shrank. The spherical glands did not become brown, but their 
csontentfi secnied changed in appeamneej and after 23 hr.s. si ill more 
changed and granular. ^lost of the oblong glands were now dark 
brown, but their u trie lea were not greatly shrunk. The four other 
specimens were examined afrer 3 hrs. 30 m., after 4 hrs, and 9 hrs. ; 
a brief account of their condition will be sufficient* The Fpherica,! glands 
were not brown, but some of them were finely granular* Many of the 




lands were brown ; and these, as w'ell aa others which still 



remamen colourless, had their utricles more or less shrunk, some of 
them including small aggregated masses of matter* 



Summary of the Observations on Ahsorpiwn . — From the fact.® 
now given there can be no doubt that the variously shaped 
glands on the valve and round the collar have the power of 



ahsorhinff matter from weak solutions of certain salts of 



i^Hit iili 



ammonia and urea, and from a piitrid infusion of raw meat. 
Prof* Cohn believes that they secrete slimy matter j hut I 
was not able to perceive any trace of such action, except ting 
that, after i mm ora ion in alcohol, extremely fine linos oould 
sometimoa ha seen radiating from their sur times. The glands 
are variously affected by absorption : they often become of a 
brown colour ; flometimea they contain very fine granules, or 
moderately sized grains, or irregularly aggregated little 
masses; somefinies the nuclei appear to Imve increased in 
size ; the primordial utricles are generally moi'e or less 
shrunk and soraetimea ruptured* Exactly the same changes 
may bo observed in the glands of plants growing and 
flourishing in foul water* The spherical glands are generally 
aflected rather differently from the oblong and two-armed 
ones. The former do not so eommonly become brown, and 
are acted on more slowly, \Ve may therefore infer that 
they differ somewhat in their natur,^l functions. 

It is remarkable how unequally the glands on the bladders 
on the same branch, and even the glands of tho same kind 
on the same bladder, arc affected by the foul water in which 
the plants have grow-n, and by the solutions which were 
employed. Jn the former case I presume that this is due 
either to little currents bringing matter to eomo glands and 
not to others, or to unknown differences in their constitution* 
When the glands on the same bladder are diflcrently affected 
ty a Solution, we may suspoot that some of them had 
previously absorbed a small amount of matter from the 
water. However this may be, wo have seen that tho glands 
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CiJAPt IlfJ £>L^IMAtLY 0?f ABSOUPTIOV 

on tlio s^mo lotif of Drosera ar-o 
affoeto^, more espwially i^-hcn exposed to 

piS^;SilrK fete 

effectiro solutions, tliey aro not acted on, or oiUy sHghtlJ ‘«d 
slo,vly. If however, a gland contains merely a few fel 
grannies, this does not prevent a solution from actinT T 
have never any appearance malting it probabKhat 
glands wk.eh Lave boon strongly affected by absorbing matter 
oi any kind are capable of recovering their pristinef ooW 

tiro power ot 

From tfio nature of the solutions which were tried, I 
presume that nitregcu is absorbed by the glands ; but the 
modified, brownish, more or less shrunk, and aceregated 
contents of the oblong glands were never seen hy ^or bv 
my son to undergo those spontaneous changes of form 
charaeteriatio of protoplasm. On the other hand, the contents 
of the larger spherical glands often separated into small 
hyaline globule.s or irregularly shaped masses, which changed 
their forms veiy slowly and ultimately coalesced, forming a 
centra] shrunk an maua, Wbatevor may be the nature of the 
coiitenta of the several kinds of glands, after they have been 
^ted oiTi Ijy foiil water or by one o f the nitrogenous solutiona, 
it IS probable that the matter thus generated is of eervioo to 
the plant, and is ultimately transferred to other jiartH. 

The glands apparently absorb mote quickly than do tho 
quadrifid aud bilid processes ; and on the view abovo main- 
tained, namely that they absorb matter from putrid water 
occajilgnally emit tod from tho bladders, they ought to act 
more quickly than the processes ; as these latter remain in 
pennaueut crmtact with captured and decaying animals. 

Finally, the conclusion to which we are led by tho fore- 
going experiments and observations ia that the bladders have 
no power of digesting animal matter, though it appears that 
the quadrifids are somewhat adected by a freah infusion of 
raw meat. It is certain that the proceasoa within the 
bladders, and the glands outside, absorb matter from salta of 
ammonia, from a putrid infusion of raw meat, and fi^muroov 
ihe glands apparently are acted on more strongly hy a 
Bolntion of tixea^ and loaa strongly by an infusion of raw 
pleat, than are the proooeses. The case of urea is particularly 
interesting, because we have seen that it produces no effect 
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on Droscm, tlie leaves of ivhicli arc adapted to difjcet fresh 
animal matter* But the moat important fact of all is, that 
in the present and following species the qnadriiid and "bifid 
processes of "bladdei^ contain in g decayed animals generally 
include little masses of spontaneously moving protoplasm; 
■whilst such masses are never seen in perfectly clean bladders. 

Development of the Dladders ^ — My son and I spent much 
time over this subject with small eucoesit. Our observation s 
apply to the present species and to Ulrkularia vuhjaris, but 
wore mado chiefly on the latter, as the bladders are twice as 
large aa those of UtrkHlaria negkda. In the early part of 
autnmn the stems terminate in large buds, -which fall otf and 
lie dormant during the winter at the bottom* The young 

leaves forming these buds hear bladders 
in various stages of early development* 
M'^hen the bladders of Utrkidaria vul- 
garis are about pJ-jj inch ("254 mm.) 
in diameter (or in tho case of 
UtriciiJaria neglecia^ they are circular 
in outline^ with a narrow, almost 
dosed, trans verso orifice, leading into 
a hollow filled with -water; but the 
bladders are bollow when much under 
of an inch in diameter. The 
orifices face inwards or towards the 
axis of the plant. At this early ago 
tlie bladders are flattened in tho planu 




rio. 23, 
(FtricftJaWrt 



LonRttu(3inaiMcttonthrou(E]i in whicli the orifico lies, and therefore 



A yoimg bi&ddf tp ^ or AIL intk risrht angles to that of the mature 

in length , with tlie orlUce tw , , . P „J7 t . * i 



wldety open. 



bladders. They are covered exteriorly 
with papillw of different sizes, many 
of which have an elliptical outline, A bundle of YesselB, 
formed of simple elongated cells, runs up the Khort footstalk, 
and divides at tho base of the bladder* One branch extends 
up tho middle of the dorsal surface, and tbo other up the 
middlo of tho ventral surface. In fulbgrowm bladders tho 
ventral bundle divides close beneath the collar, and the t-wo 
branches run on each side to near where the comers of the 
valve unite with the collar ; but these branches could not be 
seen in very young bladders. 

Tlio accompanying figure (fig. 23) sho-ws a section, which 
lappened to be strictly medial, through the footstalk and 
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between the nascent antennae of a bladder of Ltncularia 
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fw^r?arf«, T-k in fliameter. The apecimen vroa soft «ni\ 
tho joung val ve hecam© seimrated from the collar to a Rrator 
degree than is natural, and is thus represented. Wo here 
clearly see that the valve and collar are infolded prolon- 
gations of tho waO of the bladder* Even at thia early age, 
glands could bo detected on the valve. Tho state of tke 
quadiifid processes will presently be described. The antcnnio 
at this period consist of minuto cellular projections (not 
ghowii in the above figuro* as they do not Ho in the maiial 
plane), which soon bear indpiont bnstloB* In five instances 
tho young antennai wore not of quite equal Icngih ; and this 
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‘ (nncirfarw 

Tonnj IcaT ffum t -winttf tutli iliowlng an tte left sitle a b]i4^ In Us parllFit ftajH 

or diavelop'meDl. 

fact is intelligible if I am right in believing that they 
represent two divisions of the leaf, rising from the end of the 
bladder ; for, "with the true leaves, whilst very yotmg, the 
divlBlons are never, as far aa 1 have seen, strictly oppoaitei 
they must therefore be developed ono after the other, and so 
it would be with the two antennae. 

At a much earlier ago, when tho half formed bladders are 
inch ("0846 mm*) in diameter or a little more, they 
present a totally different appearance* One is ropr^niM 
on the left sik of the accompanying drawing (fig. 24)* 1 he 

young leaves at this ago have broad flattened segments, with 
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their future divisiong repreBonted by prominences, one of 
which is shown on the I'ignt side. Now, in a largo number 
of specimens examined by my fion, Ihe young bladders 
appeared as if formed by the oblique folding over of the apex 
and of one margin with a proraiueuce, against the opposite 
margin. Tho circular hollow between tbo infolded apes and 
infolded prominence apparently contracts into the narrow 
orifice, wherein tbe vah^e and collar will be developed? the 
bladder itself being formed by tho confluence of the opposed 
margins of tho rest of tho loaf. But strong objections may 
l>e urged against this view, for wc must in this case suppose 
that the valve and collar are develoiKsd as symmetrically from 
the sides of the apex and pix^minonco. Moreover, the bundles 
of vascular tissue have to T>e formed in lines quite irre- 
spective of tho original form of the leaf. Until gradations 
can be shown to exist between this the earliest state and a 
young yet perfect bladder, ihe case must ho left doubtful. 

As the quadrifid and bifid prfxsesses offer one of the 
greatest peculiarities in tbo genus, I carefully obsciwed their 
development in UlricuJarm neglecia. In bladders about 
of an inch in diameter, tho inner surface is studded with 
papilla?, rising from small cells at the junctions of the larger 
ones. These papillffi consist of a delicate conieal protubor^ 
ance, which narrows into a very short footatalk, stirmountod 
by two minute cells. They thus occupy the same relative 
position, and closely resemble, except in being smaller and 
rather more proTninent, the papilla? on the outside of the 
bladders, and on the fiur faces of the leaves, Tho two terminal 
cells of the papillss first become much elongated in a line 
parallel to the inner surface of the bladder. Next, each ia 
divided by a longitudinal partition. Soon the two half-cella 
thus formed separate from one another? and we now have 
four colls or an incipient quadrifid procees. As there is not 
space for tho two new colls to increase in breadth in their 
original plane, tbe one slides partly under the other. Their 
manner of growth now changes, and their outer sides, 
instead of their apices, continue to grow, Tlie two lower 
cells, which have slid partly beneath the two upper ones, 
form the longer and more upright pair of processcB ; w^lulst 
tho ttvo upper cells form the shorter and more horizontal 
pair ; the four together forming a peifeot quadrifid, A trace 
of the primary division betw'c&n the two cells on the 
summits of the papillto can still bo seen between tho bases 
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CnAP. X\ Jlr] T^TRIC L LABIa MIXOR, 

of tho longer processes. The development of the o,.»j„-b i 
is very liable to be arrested. I ha™ seen a 
an inch in length including only primordial 
another bladder, a^„t half its full si^. ^dth tC^uM* 

m an early stage of (fevelopmeiit. 4 ^»^inus 

As far as I could make out. (he bifid processes aro de- 
veloped in the same msmier as tho qiiadrifids, exceptinir ^at 
the two rrimary terminal eella never become divided, and 
only increase in length. The gknds on tho valve and dollar 
appear at so early an age that 1 could not trace tlicir dovelon- 
ment ; but we may reasonably suspect that they are dovelop^l 
from papilla?, like those on tho outside of the bladder but 
with their terminal cells not divided into two. Tlio’two 
segments forming tho pedicels of the glands probably answer 
to the conical juotuberance and short footstalk of thequadri- 
fid and bifid processes. 1 am strengthened in the belief that 
tho glands are developed from papillte like those on tho 
outside of tho bladders, from the fact that in riricidaria 
ameth^ftina tho glands extend along tho whole ventral surface 
of tLo ’bladder cloeo to tlie footstalk. 



UlElCULAllIA V'CLGAfltS, 

Living pliinta from Yorkshire v crc Bciit rn9 by Dr. Hooker. Tbit 
spedea tlilTtrs from tlio last in the stemB and It-nvcB being thicker or 
coarser; tbdr dtvisioiiB form a luoru acute angle viith one another; 
the notches on tho kavea l>crtr three or four abort brietlca inaicad of 
one ; aud the bladders are twice m largc^ or about | of an inch (5*08 
nim,) in diameter. In all essential respects tbo bladders resemble tboie 
of Utrkularia i^e^Iectaf but tho sides of the ixuislomG are perba|ie a 
little more prominent, and alw^ays bear, as far aa 1 have seen, seven or 
eight long mullkellular bristica. 1 here are eleven long bristles on 
each ante nna, the terminal pair being included. Five bladdcrSi. con- 
taining prey of some kind, were examinorl. The first included five 
Cypria, a largo copepod .and a Diaptomus; the scoorwl, four Cypris; 
the third, a single rather large crustacean ; the fourth, siYcrustacems ; 
and the fifJh, ten. lly son exanrined tho quadtifid processes in a 
bladder contaiuing the lemains of two cruBtaceana, and found some of 
them full of epherical or irregularly shaped maasea of matter, which 
woro observed to move and to coalesce. These ujasses therefore con- 
fiistod of protoplasm. 



Utiucularia Misoa. 

Tills rare species w’as sent mo in a living state from Cheshire, through 
tbo kindness of ilr. John Piicc. The leaves and bladders aro much 
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smaller than those of Utricul<xri(i> neglecta. The IcaTes heir ftnvGr 
and shorter bristles, and the bladders are more globular. The anteimaai 
instead of projecting id front of the bladders, are curled under the 
valve, and are arm^ with twelve or fourteen estreoaely long multi- 
cellular bristles, generally arrangetl in pairs. These, with seven or 
eight long bristles on both sides of the peristome, forma sort of net 
over the valve, which would tend to prevent all animals, excepting 
very small ones, entering the bladder. The valve and collar have the 
name essential structure Eia in the two previous Si>ecie9 ; but the ghinds 
are not quite so mitnerous; the oblong ojics are rather more elongated, 
whilst the two-armed ones are rather less elongated* The four bristles 
Tvhich project obliquely from the lower edge of the valve are short. 
Their ahorinese, compared with those on the valves of the foregoing 

si>edes, is intelligible if my view is 
correct that they servo to prevent too 
largo aniTuals forcing an entrance 
through tlie valve, thus injuring It 5 
for the valve? is already protected to a 
certaiii exiteut by the incurved ant eiinoj, 
together with the lateral bristles* ITig 
bifid processes are like those in the 
previous species; but the quadriids 
differ in the four arms (fig. !i 5 ) being 
directed to the aamo side ; the two 
longer ones being central, and the two 
shorter ones on the outBide. 

The plants were collected in the 
middle of July ; and the content* of 
five bladdtr.<i, which from their opacity seemed full of prey TfVere 
examined, 'the first contained no less than twenty-four minute fresh- 
water crustaceans, most of them consisting of empty shells, or includ- 
ing only a few drops of red oily matter; the second trontained ti\enty ; 
the third, fifteen; the fourth, ten, some of them being rather larger 
than usual ; and the fifth, which Ecemed stuffed quite full, contained 
only seven, but five of these ivere of unusually large size* The prey, 
therefore, judging from these five bladders, consists exclusively of 
fresh-»water crustaceans, most of which appeared to bo dlstiDct st>ecie* 
those found in the bladders of the two former species. In one 
bladder the quadrifids in contact with a decajdng mass contained 
numerous spheres of granular matter, which slowly chauf''ed their 
forms and positions* 




Qu^riQil proccaa ; j 



Uthicularia CLAND£STIXA* 

This North American species, whicli is aquatic like the throe fore- 
going ones, has Ix^n described by Mrs* Treaty of New Jersey, whtise 
excellent observations have already been largely quoted. I have not 
as yet seen any full description by her of the structure of the bladder, 
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but it appears to bo Hoed with quadriM proccMa. A n«t nouiW 
ot wpiured ammals wore found within the blaJden j wmo XS 
cruBtao^ns, hut the greater number delicate, elongated larre. I^ 
poso of Culicida:. On aomo ateniB, “ fully nine out of cTetj tea biaddon 
contom^ theec larv® or their remain*." Hie laram " ahowed .iima 
of life from twenty-four to thirty-aii hour* after being imoruon^ " 
&nci then ]ioriahed. " * * 








348 



L'TRICULARIA MONTANA. XVItL 




CHAPTER XVII r. 



UtEICULAEIA 



i'tt'tcvlaria mojiiana — Dfisjcription of the bladders on the Subterranean 
rhUemes — Prey captured by the bladders of plants under eulture anil in 
state of imtii re™ Absorption by the {|uadrjfid processes and glands — 
Tubers soaring as reservoirs for water — Various other species of Utricu- 
laria — PoIjpomphoIjr^^GenliseajdifTerent nature of the trap for capturing 
prey — {SarraceniaJ — Diversided methods by which plants are iiouriahcd. 



Utricularia jiontana. — TLiej species inhabits the tropical 



parts of South America, and is said to he epiphytic ; but, 
judging from the eta to of the roots (rhizomes) of some dried 
spocimena from the herbatium at Kow, it likewise lives in 
earth, probably in crovicsoB of rocks* Iq English hot-housea * 

it is groivn in peaty soil. Lady Dorothy Nevill was so hitid 
as to give me a huo plant, and I roceived another from Dr, 

Hooker* The leaves are entire, instead of being much divided, la-.f 

as in the foregoing aquatic species. They are elongated, 
about IJ inch in breadth, and furnished with a distinct foot- ttiilr 
Btalk* The plant produces numerous colourless rhizomes,* as 
thin as threads, which bear minute bladders, and occasionally 5ss«4 
swell into tubers, as will hereafter be described. These 
rhizomes appear exactly like roots, but occasionally throw up 



* [Hovdacqufi, in the ' Comptea mouutn ins of Dominica. ETfWffwfttnci 
Kendus, vola. cv. p. and eyj„ p. oorjHiiu, described by Scbimij^r in '?Vllti?l 
310, has dLitUiiaed thfl nature of the the ‘ Jiot. Zeitung,' 1SS2, n. 241, 

underground runners; considers has similar underground runnel's, 

thetu to be morphologically loaves, in ns well os aerial organs usually 

opposition to Seh&llk (Pringshelin^s dcstribed as leaves. He discusses 

‘ Jahrbudier, vol* Avill, p.^ 2lS), th& possibility of a nicrphological 

who rganls them ns rhizonies. identity between the runners and 

Schimper, in his paper on the West the “kaves'’ from a point of view J 

Indian Epiphytes (MJot. Central- opposite to that of Hovelacque’s— ^ 
llatt, yoJ. ivii. p. 257J, takes a namely, that the *Mcaves” as well 

view similar to Schenk s aa to stolons as the stolons may be morphologically 




or runnere in the new species, tf* 
Schimpen\ discovered by him in the 



stems*— F. DJ 
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Sth of i^ro thaY ‘'’® 

the trees of these coim tries are 
thickly covered. 

As the bladders are attached 
to live rhizoraes, they are neees' 
sarily Buhterranean. They aro 
produced in extraordinary dutu- 
hera. One of my plants, though 
youngs must have borne several 
hundreds j for a Bingle branch 
out of an entangled mass had 
thirty-two, and another branch, 
alxmt 2 inches in length (but 
with itB end and one eido 
branch broken off), had Boyonty- 
three hladders,* The bladders 
are compressed and rounded, with 
the ventral surface, or that be- 
tween the summit of the long 
delicate footstalk and valve, ex- 
tremely short (fig. 27). They 
arc colourless and almost as transparent as glass, so that they 
appear smaller than they really are, the largest being undm- 
the of an inch (t*27 mm.) in its longer diameter. They 
are formed of rather largo angular cells, at the junctions of 
which oblong papillae project, oorresponding with those on 
the surfaces of the bladdens of the previous species. Similar 
papillae abound on the rhizomes, and oven on the entire loaves, 
hut they are rather broader on the latter. Vessels, marked 
with parallel bars instead of by a spiral Hue, run up the 
footfitalks, and just enter tho bases of the bladders ; but they 




Fia. J(. 

( TfrienJariii nMHutaiu.) 

iriiUcii Into t. laHct j iht 
uriitidK* bwlh| Dilimii! bli^rt: of 



* Prof. 0!ir«r lias figured a pktit 
(if Utricularia Jatiicsmiana (‘Frimr. 
Lion. Soc.' toL iv, p. 169) having 
entire leoTes And rhi^ou^eit, like those 
of our pi-eBeDt ejTeclea ; tut tiif mar- 
gins of the termiiia]! halvea of aome 
wf the lenves nre converted into 
y adders. This fact ckarly ilxdicatea 



that the hUaddeiv on. the rliiioinec of 
the present and following apecief ire 
modified aegmenti of the Inf; and 
tha^ are thua brought Intoi accorduiee 
with the bladden attached to the 
ilivitled nnd floating learn of the 
aquatic Siiecie*. 
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do not bifurcate and extend up tbo dorsal and ventral 
surfaces, as in tbo previous species. 

The antonnso are of moderate length, and taper 1o a fine 
point; they differ conspicuously from those before described, 
in not being armed with bristles. Their bases are so 
abruptly curved that their tips gonorally rest one on each 
side of the middle of the bladder, but sometimes near tho 
margin. Their curved bases thus form a roof over the cavity 
in which the valve lies ; but there is always left on each 
side a little circular passage into the cavity, as may bo Been 



0 




Tra. ir. 

Bladder ; alxiiit 21 tliucfl ttkbirged. 



in the drawing, as well as a narrow passage between the 
bases of tho two antennse. As tho bladders are subterranean, 
had it not boon for the roof, the cavity in which the valve 
lies wonld have been liable to be blocted up with earth and 
rubbish ; so that tho curvature of the anteuuse is a sendee- 
able character. Thera are no bristles on the outside of the 
collar or peristome, as in the foregoing species* 

Tho v^ve is small and steeply inclined* with its froo pos- 
terior edge abutting against a semicircular, deeply depending 
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OiAr. XVIII.] CAPTUKED AXIIIalS. 35, 

oollar. It 18 mwloratuly transparont and .. 

..hort Ftiff Lriatles, in the same ® 

species. Tlie presence of these four hnstles in ^ 
the ahsenco oi those on the antennte and cnlli)- ’*:**•! 

they aro of functional importanc“llf 
prevent too large animals forcing an entrince throth 
va VO. a he many glands of diverse shapes attached m rt! 
valve and Totind the eo lar in tho ptevioVs species are hlr^ 
absent, with the exception of about a dozen of thetwo ,™e^ 
or transversely elongated kind, which are seated neartht 
borders of tho valve and are mounted on very short f™t 
stalks. Iheso glands ain only the ^ of aZ inch (-wa 
mm.,) 11 length; tliongh so small, they act as ahserfients 
I he colki isthielr, stift, and almost seniicireukr ; it is formed 
of &e samo peculiar Wmsh tissue as in the former species. 
1 are filled with water, and sometimes iLude 

bubbles of air. They bear mferiially rather short, thick 
quadnfld processes arranged in approximately concentric 




Fio, 2?. 

Crfriculdrtij 

One of tilt [|iin.drlfid ijnoce&scH \ mwch ehlarg ed. 



rows. The two i>airs of arms of which they ai'e formed 
differ only a little in length, and stand in a peculiar position 
(fig. 28) j the two longer ones forming one lino, and the 
two shorter ones another parallel line. Each arm includes a 
small spherical mass of bro\%Tiigh matter, which, when crushed, 
breaks into angiilar pieces. I have no doubt that these 
spheres are nuclei, for closely similar ones are present in the 
cells forming the walla of the bladders- Bifid procesacs, 
having rather short oval arms, arise in the usual position on 
the inner side of tho collar. 

These bladders, thcreforea resemble in all essential respects 
the larger ones of tho foregoing species. They difler chiefly 
in the absence of the numerous glands on the valvo and 
round the collar, a few minute ones of one Med alone being 
present on tho valve. They differ more conspicuously in 
the absence of tho long bristles on the antennm and on the 
Outside of the cellar. The presence of these bristles in tho 
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prGviouflly mentioned species probably relates to tbo capture 
of aquatic animals^ 

It Eeemed to me an interesting question wbother the 
minute bladders of Utrlmlaria jiiontana served, as in the 



previous species, to capture animals living in the earth* or 
in the dense vegotation covering the trees on which this 
species ia epiphytic ; for in this case we should have a new 
Bub-elaas of carnivorous plants, namely, subterranean feeders. 
Many bladders, therofore, were examined * with the following 
results 



(1) A small bladder* less than ^ of an inch ('BIT mm.) in diameter 
contained a initiute mass of brown* much decayed matter; and in this* 
a tarsus with four or five joints, terminating in a double hook, was 
dearly distinguishetl under the inicroacopc. I suspect that it was a 
remnant of ouc of the TljysanouiaH, The quadrifids in contact with 
this decayed remnant contained either small masses of translucent, 
yellowish matter* generally more or less globular, or fine granules. In 
distant parts of the same bladder, the pnxjesscfl were transparent and 
quite empty, with the exception of their Bolid nuclei. My son made 
at short intervals of time sketches of one of the above aggregated 
masses, and found that they continually aod completely changed their 
forms; sometimes separating from one another and again coalescing. 
Evidently protoplasm had been generated by the absorption of some 
element from the decaying animal matter. 

(2) Another bladder iucluded a still smaller speck of decayed lirown 
matter* and the atijuming quadrifids dontained aggregated matter, 
exactly as in the last case, 

(3) A thiril bladder included a larger organism, which waa so much 
decayed that I could only make out that It was epmose or hairy, The 
quadriflds in this case were not much affected, excepting tliat the 
nuclei in the several arms differed much in size ; some of them contahi- 
ing two masses having a similar appearance, 

(4^ A fourth bladder contained an articulate organism, for I distinctly 
saw the remnant of a limb, terminating in a hook. The qiiadrifids 
were not examined, 

^5) A fifth included much decay eti matter apparently of some 
animal, but with no recognisable features* The quadrifids iu contact 
contained numerous spheres of protoplasm. 

(0) Some few bltuldera on the plant which I received from Kew 
were examined; and in one, there was a worm-shaped animal very 
little decayed, with a distinct remnant of a similar one greatly decayed. 
Several of the arms of the processes in contact wdth these remains 
contained two spherical masses, like Ihe single solid nucleus ivhich is 
properly found in each arm. In another bladder there was a minute 
grain of quartz, reminding me of two similar cases with Utti^ulaTia 
negJecta, 
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Chai-. xvm.] 



absohptiox. 



A9 It npimred pto^bk that thia pknt woi,ld capture a ccfatcr 
number of ^imala m .ta native wuntry than under c«lte«^ obMaed 
permission to remove small lortions of the rhizomes from dri«l ,™ei 

advisable to soak the rhizomes for two or three days, and that it wn« 
necessary to open the bladdera and spread out their contents on dasB- 
as from their state of decay and from having been dried and nrLed 
their nature could not othenvise bo well distinguished. Several 
blaiiders on a plant which had grown in black earth in New aranada 
were first cxaminedl; and fi>ur of theJio iQclufkd reirmants of aniimils 
The first coutained a hairy a\caniB* so much decayed that nothin e was 
left except its traiisparcot coat; also a yellow chitinous head of eome 
aniinal ivith an intd^niiil fork, to which tlie ce&ophagus was suspended 
but I could aeo no maiulibles; algo the double Look of the of 

some animal ; also an elongated greatly decayed animal ; and lastly, a 
curious dask-sha]3ed organ ism, having the walla fonucfl of rounded cells. 
Professor Claus has looked at this latter organism, and thinks that it 
is tlra ahdL of a rhiaoi>CHl, probably one of the Arcellidse. In this 
blailtlor, as AveU as in several others, there were Bome unicellular 
Alga', and one multicellular Alga, which no doubt had lived as 
intruders. 

A se-cond blailder contained an Acarus rmich less decayed tksu the 
former one, with its eight legs preserved; as well as remnants of 
several other articulate animals. A third bladder contaiued the end 
of the aMomen with the two hinder limbs of an Acanis, as I believe, 
A fourth contained remnants of a distinctly articulated bristly animal, 
and of several other organisms, as wtU as much dark brown organic 
matter, the nature of which could not bo me^le out. 

Sorne bladders from a plant, which had lived as an epipbyto in 
Trinidad, in the West Indies, were next examined, but not so carefully 
as the others ; nor had they been soaked long enough . Four of them 
con taincHil much brown, tranalncent granular mat ter, apjvirently organic, 
w ith no distinguishable parts. The quadrifida in two were brownish, 
with their contents granular; and it was evident that they had 
absorbed matter^ in a fifth bladder there was a flask-shaped organism, 
like that above mentioned. A sixth contained a very long, much 
decayed, worm-sha^>C{i animah Lastly, a seventh bladder containetl 
an organism, but of what nature could not be distinguished. 

Only one experiment %vas tried on the qiiadrifid piwjessea 
and glands with reference to their power of absorption. A 
bladder was punctured and left for 2d lire, in a solution of 
one j)art of urea to 437 of ivatcr, and the quadriM and bmd 
processes were found much affected. In some arms there 
was only a single symmetrical globular mass, larger than 
the proper nucleus, and consisting of yellowish matter, 
generally translucent but sometimes granular; in others 
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there wore two masses of different sizos, one large and the 
other email ; and in others there were irregularly shaped 
globules; so that it api>earccl as if the limpid contents of 
the processes, owing to the absorption of matter froui the 
solution, had hecome aggregated sometime a round the 
nncleua, and aomotlmes into sojmrato masses ; and that 
these then tended to coaleaco- The ]>rimordial utricle or 
protoplasm lining tho processes was also thickened here and 
there into irregular and variously shaped specks of yellowish 
tranelucent matter, as occurred in the case of Uivieularia 
wfflecfa under similar treatment. These specks apparently 
did not change their forms. 

The minute two-armed glands on the valvo were also 
afTccted by the solution; for they now contained several, 
sometimes as many as six or eight, almost spherical masses 
of translucent matter, tinged with yellow, which slowly 
changed their fonns and positions* Such masses were never 
observed in these glands in their ordiuar}' state* We may 
therefore infer that they serve for absorption. Whenever a 
little water is expelled from a bladder containing animal 
remains (by the means formerly specified, more especially 
by tho geueratlou of buLhlcs of air), it ’will fill tho cavity 
in which the valvo lies ; and thus the glands ivill be able 
to utilise decayed matter which otherwise would have l>eeiL 
wasted. 

Finally, aa numerous minute animals are captured by tliis 
plant in its native country and when cultivated, there can 
be no doubt that the bladders, though so small, are far from 
being in a nidi men tarj^ condition ; on the contrary, they 
are highly efficient tra|5s. Nor can there bo any doubt that 
matter is absorbed from the decayed prey by the quadrifid 



.m 



and bifid processes, and that protoplasm is thus gcueratcd, 

m “ 



What tempts animals of such diverse kinds to enter tho 
cavity beneath tho bowed antennae, and then force their 
way through the littlo slit-lihe cuifioo between tho valve 
and collar into the bladders filled with water, I cannot 
conjecture. 

TuherB ^ — These organs, one of which is represented in a 
previous figure (fig. 2(3) of the natural si^e, deserve a few 
remarks. Tweuty 'were found on tho rhizomes of a slugle 
plant, hut they cannot bo strictly counted ; for, besides the 
t went 3% there wore all possible gradations between a short 
length of a rhizome just perceptibly swollen and one so 
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When woll fevolop<^, they aro oval auJ symmetrical, more 

It T.vhich I sa 

hreajUh. They oommonly lie >ieat^ the” w^facifL”“ome 
aro buried at the depth of 2 inches. The hnriLi Z 



eo than arrears in the figure The largest avhichuh 

I inch (20^4 nim*) m length and -45 ineh 



ivas 



dirty mhi to. but thoM partly exposed to the Hgi b^co^ 
..reenish from the development of chlorophyll in their 
iiperhoial cells. Jhey terminate in a rhizome, hut ihi. 



Sll 



^ -..iKomc, but this 

somctiiuM decays and drops off, 'ITiey do not contain anv 

air, and they sink in ivater ; tlieir sui facee are Covered ivith 
the usual papillm. TJie hnndle of vessels which runs ui. 
each T hizome, as soon as it enters the tuloir, seiMirates rate 
three distinct bundles, which reunite at the opposite end. 
A lather thick slice of a tuber almost as tmnHnarent an 
glass, and is seen to consist of large angular celJs, full of 
water and not containing starch or anj other solid matter 
{ 5 DI 110 slice.? were left in alcohol for several days, hut only a 
few extremely minute granules of matter were prccipirated 
on the walls of the cells ■ and those were much smaller and 
fewer than those precipitated on the cell- walls of the 
rhizomes and bladders* Wo may therefore conclude that 
tho tulKive do not scr^^e as rcservoira for food, hut for water 
during the dry ecason to w hich the plant is probably exposed. 
Tho many little bladders filled with water would a£i towards 
the same end. 

To test tlie correctness of this view, a small plant, growing 
in light peaty earth in a pot (only 4^ by 4^ inches outside 
measure) was copiously watered, and then kept without a 
drop of water in the hotliouse. Two of the upper tnbers were 
lieforehand uncovered and measured} and then loosely covered 
up again* In a fortnight's time the earth in the pot appeared 
extremely ■ but not until the thirty*fifth day were the 
leaves in the least affected ; the^^ then became slightly 
re flexed, though still soft and green* Thi.'i plant, which 
iiore only ten tiiber.s, w'ould no doubt have resiated the 
drought for even a longer time, liad I not previausly removed 
three of tho tubers and cut off several long rhizomes* A¥hen, 
on tho thirt^^-fifth day, the earth in tho pot was turned out, 
it appeared as dry as the dust on the road* All tho tubers 
had their surfaces much wrinkled, instead of hoiug smooth 
ftnd tense. Tliey had all shrunk, but I cannot say accurately 
how much j for as they wero at fii‘st sjTniuetrically oval, I 
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measiired only thoir length and tliiohncaa; but they con- 
tracted in a transverse line inuoh more in one direction tlmn 
in another, so as to become greatly flattened- One of the 
two tubers which had been measured was noiv three- fourths 
of its original length, and two-thMa of its original thiclEness 
in the direction in which it had heoii measunMl, but in 
another direction only ono-third of its former thickness. 
The other tuber was one-fourth fchorfer, onc-oiglith less thick 
in the direction in ’■.vhich it Ltul been measured, and only 
half as thick in another direction. 

A slice was cut from one of these shrir^elled tubers and 
examined. The cells still contained much water and no air, 
but they were more ronndod or less angular than before, and 
their walls not nearly so straight ; it was tliercfor© clear 
that the cells had contracted. Tho tubers, as long as 
they remain alive, have a strong attraction for water ; 
the shrivelled one, from which a slice had been cut, was 
left in Tvater for 22 hvs. 30 m,, and its siirfaco became as 
smootli and tense as it originally was. On the other hand, 
a shrivelled tuber, vv^hich by some accident bad been separated 
from its rhizome, and which appeared dead, did not swell in 
the least, though left for several days in water. 

With many kinds of plants, tubers, bulbs, &c., no doubt 
serve in part as reservoirs for water, but I know of no case, 
besides the present one, of such organs having been developed 
solely for this purpose. Prof* Oliver informs mo that two or 
three other species of Utricularia are provided with these 
appendages; and tho group containing thorn has in conse- 
quenco received tho name of orchtdioidcB. All the other 
species of Utricularia, as well as of certain closely related 
genera, are either aquatic or marsli plants ; therefore, on the 
principle of nearly allied plants generally having a similar 
constitution, a never-failing supply of water would probably 
be of great importance to our present species. We can thus 
understand the meaning of the dovelopracnt of its tul>crs, 
and of their number on tho same plant, amounting in one 
Instance to at least twenty. 

UraiCULAKrA NELUilSrpOLIA, AMETHVSIINA, GRIFFITHII, 
C.ERCTLEA, ORBICULATA, MULTICAUUS [C0I^:^^JTA]* 

As I wished to ascertain whether the Idad tiers 'on the 
rhizomes of other species of Utricularia, ami of the' species 
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cf certain closely allied pcnpa, had the same essential 
stTuoturc us those ot h/n™iori<, whether thA- 

captured prey, I asked I rol. Oliver to send me fragmeute 
from the icrtatium at Kew. Ho kindly selected ^me of 
the most distinct forma, having entire leaves, and helicved 
to iiihuhit marshy ground or water. My sen, Prands 
cxauiLucd tlieiii, and has given me tlia following 
observations; Lilt it should be Ixinio in mind that it is 
extremely difbcnlt to mahe out tlio sti'iictiiTe of eh eh mintite 
and delicate objects after they have been dried and presBed/ 
rtncularja (Organ ;jIotmtaiuB, EiasiQ.-^The 

liabitat oi this specicfi is remarkable. According to its 
discoverer, Mr. (jiirdner,t it is aquatic, but “is only to be 
found glowing in the water which collects in the bottom 
of the leaves of a largo Tillandsia, that inhabits abundantly 
ail arid rocky part of the m cum tain, at au elevation of about 
5000 feet above the level of the sea. Ilesidos tho ordinary 
method by seed, it propagates it&elf by runners, which it 
throws out from the base of the flower-stera j this runner is 
always found directing itself toivards the nearest Tillaudsia, 
when it inserts its point into tlie water and gives origin to 
a new- plant, ’which in its turn sends out another shoot, In 
this manner 1 ]tav© seen not less than six planis united.” 
The bladders resemble ihose of Ulrkularia in all 

essential respects, even to the presence of a few minute two- 
armed glands on the valve* ^Vithin one bladder there was 
tlio remnant of The abdomen of some larva or crustacean of 



large riko, liaving a brush of long sharp bristles ut the apex* 
Other bladders included fragments of articulate auimalsjand 
many of them ccuitaincd broken pieces of a curious organism, 
the nature of ’ivhich ’^vas not recognised by any one to whom 
it was shown. 

Utrifndarki amefhiifitiiia (Guiana)* — This species has small 
entire leuvea, and is apparently a marsh plant ; but it must 
grow in |>lacefi where crustacean a exists for there were two 
sinall species w'ithin one of the bladders. The bladders are 
nearly of the same eliapo as those of Ijirieu^aria fliow^aria* and 



* Prof. Olh'OT has ^ivon (* l^ioc. 
Liiiii. Soc.^ vol. iv. |N. H?9) Tigure.-i of 
the bladdera of tw'o South Aniuricim 
epeeies,. unmely, Utricuiaria Jameso- 
Ktunu amt hut he does uot 



(ipj^ar to have paid particular ntten" 

t ion to these organs. 

f * Travels in the Ifiterior of liiiaiili 
1835^1,* p- h27. 



are covered outBide with the usual papillae; but they diifer 
remarkably in the antennie being reduced to two short 
points, united by a membrane hollowed out in the ujiddie. 
This Tiiembrune is covorod with innumerable oblong glands 
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supported on long footstalks ; most of ’which are arranged in 

two rows convei’giug to'vards the valve. Some, however, ttfB 

are seated on the margins of the niembraue ; and the short 

ventral surface of the bladder, betiveen the peliolo and 

valve, is thickly covered wnth glanda. Most of the heads B ™ 

had fallen oftj and the footstalks alone remained; so that 

th(3 ventral surface and tho orifice, when viewed under a 

weak power, appeared as if clothed with fine bristles. The 

valve is narrow, and bears a few almost sessile glands. The 

collar against which the edge shuta is yellowish, and presents 

the usual structure. Fi'oiu the large number of glanda on pTpi*"® 

the ventral surface aud round the orifice, it is probable that MS ih®** 

this species lives in very foul water, from which it absorbs [Eb * 

matter, aa well as from its captured and decaying prey. Sll^ >*• ■ 

Utrkularta gri^ithu (Malay and Borneo).— The bladders ^ 

are transparent and minute; one which ’was measured being iCt^rkp 

TOO or of iiitrh (711 mun) iu diameter. The anteim» ( 

are of moderate length, and project straight forward; ihey aisaiwitkl^ 
aie united for a short space at their bases by a inembrano ; i**? w 

and they bear a moderate number of bristles or hairs, not 
simple as heretofore, but surmounted by glands. The r** 

bladders also differ remarkably from those of tho previous - ri ] 

species, as w ithin there are no quadxifid, only bifid processes- ^ ^ ‘ 

In one bladder there was a minute aquatic larva ; in another ' ' 

the remains of Bomc articulate animal; and in most of them if 
grains of sand. ’a** : * 

(/(ricttkiria <;3eriika (India).— Tho bladders resemble those 
of the last Rpecies, both in the general ch.aracter of the 
antcunjc and in the pioceasea within being exclusively bifid. 

They contained remnants of ontomoatracau crustaceans. ^ ' - 

Utrkuldria orhkulata ( lodia).— The orbicular loaves aud U L* 

the sterna bearing the bladders apparently float in winter. Jj.** lY ! 
1 be bladders do not differ much from those of the tw'o last 
species. The ankmufc, which are united for a short distance 
at their bases, hear on their outer surfaces and suiuiuits ili,. 

7l 11 1l1 Q ^-h-h -II 1 ^ 1 d-L^^1 1 1 n w T. .i__ I- "1 1 n -I 
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Utricularki innlticaulU (Sikkim, Influx, 7 000 to 11,000 foetY 
— Tlie kkcldere, attached to rhizomoa, aro Tevuarkabl^ from 
the striictUTO of tlm antoima^. These are broad, flattened, 
and of largo hIzo ; they Ix^ar on their margins iQulticelliikr 
haira, snr mounted by glands* Their bases are united into a 
single, rather narrow pedicel, and they thus appear like a 
groat digitate exjxansion at one end of the bladder. Inter- 
nally the qnadrifid processes have divergent arms of equal 
length. The bladilcrs contained renmauts of articulate 
animals. 

tnadaria cormia, Michx, (United States). — This species 
Las been studied by A. Schiiiiper in America, and is the sub^ 
ject of a short paper in the ‘ Bottinische Zeitung.* * It grows 
in swampy ground, and presents a remarkable appearance ,* 
tho aerial part of the plant seems at first sight to consist of 
nothing but almost naked ilower-stems a foot in height, 
bearing from two i.o iivo largo yellow flowers* U. cerjiu^a 
has no roots, its underground stein or rhizome is much 
branched and liearB numerous inimite bladders. The 
branches of the rhizomo throw up here and there grass-lik© 
leaves which cover tho ground without having any apparent 
connection with tho flower-stem. Tho structure of the blad- 
ders is not in any way lemarkable, resembling in its general 
features that of the European specie?. The bladders generally 
contain organic remains j out of 114 only 11 contained no 
debris. The contents include diatoms and small animals,^ — 
worms, rotiferSi small crnBtaceans; and the hairs lining the 
inside of the blatlders give evidence of having absorbed 
matter from tho decaying mass.^F* U-] 



ur. 






Poly post I'lioLVX. 

This genus, which is confined to AVestern Anstialia, is 

characterised by having a quadripartite calyx.J* In other 

respects, as Vrof. Oliver remarka, | '*** 

Utrtqulariiu” ^ j i . 

Pohjpomph^JtfZ murnfida.^ThQ bladders are attached m 

whoik round the summits of stiff stalks. Iho two ..utennm 
aro ropresented by a minnto membmiioue fork, the Iwss 
part of rvhieh forms a sort of hood over tho orihcc. d Ins 

[r “ Xothlin iiber Inacctfrcsseinlif rflanzeti," 1882, f. 241.] 
t ‘Vioc. LinD. Site/ vol* iv. p. 171. 




hood expands into two wings on each side of the bladder* A 
third wing or crest appears to be formed Ly the extension of 
the dorsal surface of the petiole ; but the structure of thcao 
three wings could not he cdcarly made Out, (jwiiig to the 
state of the specimens. The inner surface of the hood ia 
lined with long simple hairs, containing aggregated inattor, 
like that within the quadrifid processes or the previously 
described species w'hen in contact with decayed animals. 
These hairs appear therefore to serve as absorbents. A valve 
was seen, hut its structure could not be detormined. On the 
collar round the valve there are in the place of glands 
numerous one-celled papillte, having very shoii ibotstalka. 
The quadrifid processes have divergent arms of equal length* 
Eemains of eutcmostracan crastraceans were found within the 
bladders. 

Polypvinpliohjx tiiUtlla . — The bladders are smaller than 
those of the last species, but have the same general structure. 
They were full cf debris, apparently organic, but no remains 
of articulate animals could bo distinguished. 



Genlisea. 



This remarkablo genus ia technically distinguished from 
Utricularia, as I beat from Prof. Oliver, by having a five- 
partite calyx, i^pecies aro found in several jiarts of the 
world* and are said to be “hcrbfe annum paludosffi.” 

GehUMa ornafa (Brazil). — This species has been described 
and figured by Dr, Warming,* who states that it bears two 
kinds of leaves, called by him spathul&te and utricu lifer ous* 
The latter include cavities ; and as these differ much from 
the bladders of the foregoing species, it will be convenient 
to speak of them as utricles* The accompanying figure 
(tig, 211) of one of the ntriculiferoua leave.s, about thrice en- 
larged, will illustrate the following description by my son, 
ivhich agrees in all essential points with that given by Dr. 
AVanning. Tlio utricle (h) is formed by a slight enlarge-* 
ment of the narrow^blade of the leaf, A hoHo’w neck (n), no 
less than fifteen times as long as the utricle itself, fonns a 
passage from the transverse slit-like orifice (c) into the 
cavity of the utricle, A utricle which measured of an 



liidrag til KmidskabvTi cm Lentibuktiwce^e,'' Copenhfigtn, 1674 . 
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Chap. XVIIL] STRUCTURE OF THE LEAVES. 

inch ( ■ 705 mm.) in its longer diameter had a neck U of 
inch (10'533 mm.) in length, and of an ineh (-ZM mm ) 
in breadth* Un eadi side of the orihoe there is a long spiTal 
arm or tube (a) ; the structure of which will ho best under 
stood by the following illustration* Take a narrow ribbon 
and wind it spirally round a thin 
cylinder, so that the edges come 
into contact along its whclo 
length; then pinch up the two 
edges so as to form a little crests 
which will of cour&o ivlnd spirally 
round the cylinder like a thread 
round a screw. If the cylinder is 
now removed j we shall have a 
tube like one of the spiral arms* 

The two projecting edges arc not 
actually united^ and a needle can 
pushed in easily between 
them- They are indeed in many 
places a little separated, forming 
narro’w entrances into the tube i 
but this may be the result of the 
drying of the specimens. The 
lamina of which tVie tube is 
formed seems to be a lateral pro- 
iongaticn of the lip of theoriheo; 
and the spiral line between the 
two projecting edges is contin- 
uous w ith the coracr of the orifice. 

If a fine bristle is pushed down 
one of the arms^ it passes into 
the top of the hollow neck. 

Whether the arms are open or 
closed at their extremities could 
not bo determined, as all the 
specimens were broken ; nor does 
it appear that Dr. Warming 
ascertained this point. 

So much for the external struc- . , . j * 4.1 

ture* Inteniall}^ I he lower part of tlve utricle is covered with 
spherical papilhc* formed of four celis '(sometimes eight 
according to Dr. Wanning), which evidently answer to the 
quadrifid processes within the bladders of Utriculaiia. iheee 




omdla.) 
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papilla3 extend a little way np the dorsal and ventral an r faces 
of the utricle ; aud a few^ according to Warming, may ho 
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Purtinn of Jnsitle of neck lM^3jnf^ 
into tbc utricle, Rrcatlypiiljirifttlj bLuw- 
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vas any Biicli stnicturo seen bv Ur W...™; . 

tho Di-ilico arc aniiotl with many short^ thi('lc”1; 
somewhat incurved hairs or tc'Rf.Ii ’ pomted, 



Iho two projeeting wlgca of the apirallv w 
forming tlie arms, are rrovided with exhort ineurved l.ai™ ' 
teeth, c-vaelly like thoso on the liiis. These nroift^ ^ 
at right angles to the sol ra) i;..i _r : PW;j«it 



angles to the spiral line of jnTetion X^r4e 
two edges. 1 he inner surface of the lamina saoMrfe two! 
colled, donga fed papi la;, resomhling those in the nnner 
part of tlio neck but differing slightly from them. acco!drn<r 
to arming, in their footstalks being formed by itrolomrv 

whereas the papfllL 




the neck rest on aiuall cells sunk amidst the \argor ones 

rhcfco spiral anus form a conspicuous diffurenee between the 
prtsuut L tricularia* 

Lastly, there is a bundle of spiral vessels which, runninir 
np the lower part of the linear leaf, divides dose beneath 
tho utricle. One hranoh extends up the dorsal anti the 

other Up the ventral side of "both the utricle and neclc. Of 
these two blanches, oue enters ouo spiral anij, and the other 
branch the otlier arm. 

The utricles contained much debris or dirty matter, which 
seemed organic, though no distinct organisms could }>o 
rccogniecti. It is, indeed, scarcely ixissibl© that any object 
could enter the sriiaU orilice and pass down the long narrow 
neck, exccjit a living creature. ^Vithin the ncckp, however, 
of some specimens, a ivorm with retracted horny jaws, tho 
abdomen oi soiuo articulate animah and specks of dirt, pro- 
bably tho reniTiants of other minute creat tiros, wore found. 
Many ot tho papillm within both the utriclofl and nooke 
ivere iliscoJonred, as if they had absorbed matter^ 

From this description it is sufficiently obvious how Genlisea 
secures its lirey* Cjmall animals entering tho narrow orifice 
— but what induces them to enter is not known any inoro 
than in the caij© of TJtricularia— would find their egress 
rendered difficult by tho sharp incurved hairs on the lips, 
and as soon as they passed some way down the neck, it 
would be scarcely possible for thotn to return, owing to tho 
many trau&verse rows of long, straight, dowmvard pointing 
hairs, together with the ridges from wffileh these proJeeL 
Such creatures would, therefore, perish either within the 
neck or utricle ; and the quadrifid and bifid papillco would 
absorb matter from their decayed remains^ The tiuns verso 
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GEXLISEA FILIFOUMIS. [Ch^p. XV UI. 

rows of liaira aro eo numerous that thej' aeem superfluous 
merely for the saho of pro venting the escape oi i>reyj and as 
they are thin and delicate* they prohahly serve as additional 
ubsorbeiits* in the same manner as the flexible bristles on 
the infolded margins of the leaves of Aldrovanda. The 
spiral arms no doubt act as accessory traps. Until fresh 
leaves are examined* it cannot be told w'hether the line of 
junction of the spirally wound lamina is a little open along 
its whole course, or only in parts^ hut a small creature which, 
forced its way into the tube at any point, ’ivould be prevented 
from eBcaping by the incurved hairs* and would find an open 
path down the tub© into the neck* and so into the utiide. 
if the creature perished within the spiral arms, its decajdng 
remains would be absorbed and utilised by the biiid papillae. 
^Ve thus sec that animals are captured by Genlisqa* not by 
means of an elastic valve* as w'ith tho foregoing species* 
but by a contrivance resembling an eehtiap* though more 
complex. 

Geniiaca africana (South Africa). — Fragments of the utri- 
culiferous leaves of this species exhibited the same structure 
as those of Genthea A nearly perfect Acarus was 

found within the utricle or neck of one leaf* but in which 
of the two was not recorded. 

Oeiilism aurea (Brazil). — A fragment of the neck of a 
ntriclo was lined with transverse rows of hairs, and was fur- 
nished with elongated papillai* exactly like those within the 
neck of GihUaca ornaia. It is probable* therefore* that the 
whole utricle is similarly constructed. 

Genlinca Jiliformis (Bahia, Brazil). — Many leaves were 
examined and none were found provided with ntricles* 
whereas such leaves were found without difficulty in the 
throe previous species. On the other hand* the rhizomes 
bear bladders resembling in essential character those on the 
rhizomes of Utricularia. These bladders are trausparent* 
and very small* viz. only -j-Jir of an inch ( ■ 254 mm.) in length. 
Tho autennse are not united at their bases* and apparcntl}" 
bear some long hairs. On tho outside of the bladders there 
are only a few papillae* and internally very few quadrifid 
processes. These latter* however, are of unusually large 
size* relatively to the bladder* with the four divergent arms 
of equal length. Xo prey could bo seen within these minute 
bladders. As the rhizomes of this si>ecies w^eto fumished 
with bladders, those of Geidkea africanaf cmata, and aurea 
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woro carofiiUj- examine,!, t«t none oonld bo found Whot 

facts? D«1 the three epocioe 



r:r ±f„i of utri:: 



].ylu, aboriginally possess bl!uWors on their rhizomes, which 

III support of this Tiew it may ix5 nrecd* thit'rtn 
bladde™ of Rr«/isca/h>rmii appear from their small »izo and 
from tho fewness of their quadrifid processes to be tendini- 
towai-ds abortion ; but wiiy Ima not this species acquired 

utriciiliferous loav^jH, like its oongoDcra? 






COKCLUSION,— It has now l>oen shown that many Bpoems of 
Utnciilana ami of two dosoly allied gcnt^ni, itihahkinic the 
most diHtant parts ol the world-^Europe* Africa, India the 
Hahiy Archipelago, Australia, North and South America^ 
are adtnirably adapted for capturing by two mothcula small 
aquatic or terrestrial animals, and tiiat they absorb the pro- 
ducts of tlieir decay, ^ 

Ordinary plants of the higher doases procure the requisite 
inorganic eleracnts from the Boil by means of their room, and 
absorb carbonic acid from the atmosphere by means of their 
leaves and stems. But wo have seen in a previous part of 
this work that there is a class of plants which digest and 
afterwards absorb animal matter, namely, all the Droserooew, 
Finguicula, and, as discovered by !>r. Hooker, Nepenthes, 
and to this class other spedeB will almost certfiinly st^on Ixs 
added* These plants can dissolve matter out of certain 
vegetable substances, such as pollen, seeds, and bits of leaves. 
No doubt their glands likewise absorb the salts of ammonia 
brought to them by tho rain* It lias also been shown that 
some other plants can absorb ammonia by their glandular 
hairs ; and these will profit by that brought to them by the 
rain* Thero is a second class of plants which, as we have 
just seen, cannot digest, but absorb the products of the 
decay of the animals which they capture, namely, Utricularia* 
and its close allies ■ and from tlie excellent observations of 



[* The late ProfoBior de Buty 
thowod me at Strasbur^ two drit^l 
epecime^j of Utrimtafia (vulgaris i) 
which clearly demaniitrated the ad- 
vantage which this plant derires from 
captuMd iaii^cts. One had been 



grown in water iw^izmiDg wdth 
miDutecruilsteans, the oth er in clean 
water ; the diderance in siie between 
the '* fed " and the “iHarved plaDta 
waa maat strikiti^. — F. D.] 
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Dr. Srellicliamp sind Dr. Catiby, there can Bcarccly boa daubt 
that Sarraeeiiia and Uarlingtoriia may be added to tbiB elass, 
though the fact can hardly be considered as yet fully proved. 

[A. Schiiiiper^ in an interesting papcr»* gives evidence that 
the products of decay are absorbed by the pitcherH of Sarrft- 
f:enia purpurea.^ In the epidermic cells at the base of tho 
pitcher tJie changes produced by the presence of decaying 
animal matter are strikingly evident, and bear a strong 
resemblance to the process of aggregation as seen in Droscra, 
Tho colI-sap is rich in tannin (as in Droscra), and when 
aggregation takes place tho single vacuole containitig the 
cell-sap is replaced hy so^’oral highly refractive drops. The 
process resembles in fact tho division and concentration of 
the vacuole as described by Do Vries (see fcxitnote, p. 35). 
Schimpor supposes that the cell-sap gives up to the proto- 
plasm part of its water^ and ho describes tho concentrated, 
Tannin-eon taining drops which are thus formed, as lying in 
the swollen watery protoplasm which now takes up more 
space than in the un stimulated condition* Sch imports paper 
also contains a good general description of the pitchers of 
Sarracenia* — F. D.] 

There is a third class of plants ‘which feed, as is now 
generally admitted, on the products of tlio decay of vegetable 
matter, such as the bird^s-ncat orchis (Neottia), dec.f Jjastly, 



* [“Ncitiien iiber Insectfressetide 
Pflanzeb/' Zeitung^/ p* 

U25.] 

f [In the 'Quarterly Journril of 
Science and Art,’^ 183l;t, voL ii* p. 290, 
IJnroett (as Mr. Thisolton Dyer 
points out to me) ivrote as follows : 
** Sarraceuisp, if kept from tlie noeess 
of flies, are said to be less flow ribbing 
in their growth th?in when, eacli 
pouch is truly a smTcophagus/’ 
According to Faivrc (‘ Comptes ren- 
dus/ vol. Ix3:xiti* 1870, p. 1155) both 
Nepenthes and Sarraceniu flourish 
better w’hen their piUdjtjra arc sup- 
plied with water, and WieBucr states 
that Sarraccnia can ias kept fresh for 
montlis w'ithout watering the roots 
if the pitchers nre well Bupplicti. 
(' Element e der Aunt, und Phys, der 
Pflanzen/ 2nd Edit. 1885, p. 226). — 
F* U.} 



J [fJiBtVii'fi'iVi WalL, is 

emnetimeA detibtfully meutioned ns 
au insect ivo^ou!:^ plant. The re- 
searches of Treub Annales du Jartlin 
botaniquede Buiteuzorg,’ vfdJii*l883, 
p. 13) show that tills is not the (msCi 
Idschidia grows ns a climbing epa- 
idiyte on trees, and be:irs clusters of 
nuMliflc'd leaves or pitchers. They 
fire of Interest morphologically be- 
cause it is the iiuide of the pitcher 
which corresponds to the lower sur- 
face of the leaf, so that tho pitchers 
are iOTolutions or poiichings of the 
leaf frotn the lower instead of from 
tho upper eurface as in Nepenthes, 
.Sarnicenia and Ce|>halotua (eve Dick- 
son, * Journal of Botany,' 1881, p, 
133). The pitchers of Dischidia are 
covoied, hotli inside and out, with a 
wa.xy coating wliieh is heaped up in 
a curioufl manner round the stomata, 
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tliero is th& well- 1 ': n own fourth rlnaci -i ^ 

mistletoe), wlticbeie nourishotl bV tbe^m^ron'^®"® ‘ “Y* 

U’ZT. littS^3“12TS’ Jr. "-; 

Wb, b,. ttbieb blgbe, „l„t. gS- “*'.ZJ‘ 



forming a tower-like structure round 
cAch of theso oponiugSb There are 
im gJandji <ui the surfafie of the 
pitthers, mil the fluid with which 
they are often partEaJiy ffUed is 
sEmpJy collected rain-wAtb. Adven- 
titituiB roots are nuraerou.i and coto- 
nionly enter the caTitie^ of the 
l>itchers. Delpino (ciii4ited by Trent) 
believes tliat the pitchers aerve to 
collect mts, &X., whose dead bodies 
may supply food to the roots< Treub 
on the otlk«r hand believes that the 
<lrowuidg of fints within the pitchers 



is acddeoL'il rather than wilful on 

the part of the plant, lie points out 
that no orraDgemeiit for retainihe 
the ants eiists, and that the adven* 
tftious roofs supply ladders by which 
they may escape; moreover the auts 
arc ^ often as not found alive and 
we I within the pitchers. Treub is 
mclmed to consider tlaat the pitchers' 
1 unction is ns stores or cisterns of 
wafer; but their use in the economy 
of the plant cannot be ennsidered as 
definitely settled. — Fb !>.] 
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Aggi'cgation of protoplasm in I>ro- 
sern, 32 

■ in l>roBera induced by salts of 
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caused by small doses of 

carbonate of Ammonia, IIU 

of protoplasm in Dioscra, a 

reliex action, l^G 

■ — ^ ‘ ^ — — in v-arious species of Dro- 
aera, 224 



AJlMOSrA. 

'^^K^<?gation of protoplasm inDicus^a, 
235, 243 

— — ^ in Drosophyllum, 273, 274 

in ringuicula, 2U&, 314 

■ in Utricularifl, 332, 335, 

345, 343, 352 

Albntnen, digested by DroEera, 77 

, liquid, action on Ilrosera, 07 

Alcohol, diluted, action of, on Dru-* 
sera, G5, 177 

Aldrovauda vestculoss, 250 
- ■ , absorption and digeation by, 

, vaileties of, 265 

Atgie, aggregation in fronds of, 54 
Alkalies, arrest digestive i»rocess in 
Drosera, 78 

Alumininm, salts of, action on Dro'^ 
nerii, 15t> 

Ammonia, amount of, in rain water, 
140 

, curlionate, action cm heateit 

leaves of Di'osera, 58 

- — , stnallness of doses cnusiilg 

aggregation in Droscru, 113 

^ , its action on Dnosera, 115 

, ■ , vajKinr of, abaurbeii by 

gJnttcis of Drosera, 1 1 6 
— — ^ ^ Sinai I ness of doses causing 
inflection in Dresero, 11 Si, 137 
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137 

, , a tie of particles uH'ectiiig 

Drosera, 141 

Ultra le, smallness of doses 
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— — , induce aggregation in 
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f inileotion in Drosora, 135 
AntiniDn^, tattrato, action on Dro- 
aera, 15 

Areolar tisstie, its digcs-tion by Dro- 
sera, 85 

Arscnious acid, action on Drosei a, 151 
Atropine, action on Drosera, IdO 



B 

Barium, salts of, action on Drosero, 
I4r& 

Ba! 9 efi of salts, pTcpondeTant action of, 
on Drosera, 152 

Ba^jjs, bbrous, of bone, its dlgei^tiDn 
by Dro«era, 90 

Batalin, on motor impulse in Drosera, 

20i 

, on bending of tcntaclea of 

Drosera, 202 

, on Dionsca, 233 

, on niechaDisin of closure in 

Dian[ra, 25G 

, on colour of Pidguicula leares, 

297 

- — on movement in Piuguiculn, 304 
Beil Fid onna, extract of, action on 
Drosera, 70 

Bennett, w,, on Drosera, 1, 2, 7 

1 coats of pollen grciins not 

digestiMl by insects, 9G 
Binz, on action of quinine on white 
blood'ccrpuscles, 1C4 

, on poisonous action of quinine 

on low organisms, 185 
Bone, iu digestion by Droserot 88 
Brunton, Lauder, on digestion of 
gelatine, 92 

on the com position, of cascip, 

95 



CHROMIC. 

Brunton, LFiuder, on the digestion of 
m-ea, 102 

n , of chlorophyll, 103 

, — — of pepsin, 102 

Dii:^ geu, Dr. Id., on nutrition of 
Dresera, 16 

Bumett, on SariMcenis, 303 
Byblis, 277 



C- 

Cabbage, decoction of, action on 
Drosera, 70 

Cadmium chloride, nction on Droscr.-i, 

150 

Corsium, chloride of, action on Dro- 
sera, 14H 

Calcium, salts of, metioa on Drosera, 
148 

Cam]]lior, action of Drosera, 170 
Canby, Dr,, on Dioniea, 243, 250, 252 

on Drosera flliformia, 227 

Caraway, oil of, action on Drosera, 
172 

Carbonic acid, action on Drosera, 180 

■ delavs aggi'^ogation in Drosei'a, 

! 50 

Cartilage, its digestion by Drosern, 
86 

Casein, its digestion by Drosera, 95 
Caspary, on Aldrovandn, 260, 261 
Cellulose, not digested by DroEcta, 
103 

Chalk, precipitatcil, causing in Hoc* 
tion of Droaqm, 23 
ChecM, its digestion by Drosera, 96 
Chitinc, not digested by Drosera, 
102 

Chloroform, effects of, on Drosera 

177 

, , on Dionaa, 246 

Chlorophyll, graios of, in liYiug 
plants, digested by Di'osera. 103 

=, pure, not digested by Drosera, 

103 

ChondriU} ita digestion by Dixiseta, 
93 

Chromic acid, action on Drosera, 

151 
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CLOVES. 

Cloves, oil of, action on Droscra, 173 
Cobalt chlutiJe, action Ob Dros^im 

Cobra poison, action on Di-oserfij 1G6 
Cohn, l^rof., on Aiirovanda, 2G0 
I— — , on contractile tisanes in plants, 
293 

, on movemeutd: of stamens of 

Coinposlt£e, 208 

on Utricularia, 319 
Colchicine, action on lli' 0 ;jeni, 166 
Copper chloride, notion un Droai^rn, 
151 

CrvJitalUnj its digestion by Drosera, 

98 

Curaro, action o^n Droscra, 1G6 
Curtis, Dr., on Diouuja, 243 



D. 

Darwin, C., paj’iers on action of 
ammonia OH rcntts, 55 

, Erasniua, on Dionsca, 243 

— Francis, on the eflfect of an 
induced galvanic curi'erit on Dio- 
sera, 31 

, on aggregation in Droscra, 32, 

30 

— on nntrition of DroseM, 15 
' — on the digestion of grains of 
ehlorophjll, 103 

De Bary, e fleet of animal food on 
Utricularia, 305 

Do Candolle, on Dlouaa, 232, 233, 
235 

Delpino, on Aldrovanda, 230 

, on Utricularia, 319, 3(1 S 

, on Diitehitlia, 3 Ch7 

Dentine, its digestion by Droscra, 88 
Digeation of various aubsEnnoes by 
Dionrea, 243 

. . by Di-osera, 7 1 

by Droaophyllum, 274 

by PiijguLcnla, 3(37 

, origin of JWWer of, 29 L 

Dlgitaliue, action on Drosera, lti5 
Diginffia, early literature of, 231 



DR090PJ1VLLVW, 

Diouffla, iKiuscipnla, small sim of roots 
231 

— — , structure of leaves, 232 

, sensitiveness of filaments, 234 

, absorption by, 23S 

— , Becretiou by, 238 

— — , digestion by, 243 

, eftects on, of chloroformp 24C 

-* luaiipcr of capturing insect^, 

247 

trausiiussion of motor 

253 

, re^expaDsion oflobes, 257 

Direction of inflected tcntaclea of 
Droaera, 197 

Disolddin liafliesiana, 386 
Dohrn, Dr., on rliizocephalouB crus- 
taoeans, 288 

Donders, Prof, Email amount of 
atropine aflccting tlic iris of the 
dog, 140 

Dragonfly caught by Droseia, 2 
Drosera, absorption by, 1, 14 

' anglica, 224 

bbiiata, vel diehotoma, 227 

capensis, 225 

■ diehotoma, 5 

^flliformts, 220 

heterophylla, 229 

— intermedia, 225 
— “, sensitiveness »f, 22 
Drosera. rotund ifoli a, structure of 
leaves, 3 

■ artihcial feeding of, 15 

, effects OP, of uitrogenous 

ftnids, 64 

— - — ‘p effects of heat on, 56 
— , its power of digest ion, 71 

, baebs of leaves not seusi I i ve, 1 88 

— — , transmissjon of motor impulse, 
lOO 

, general Eummarr, 212 

— ^ spathuluta, 226 

Di'oseraceiC concluding remarks on, 
237 

— , their sensitiveneas compared 

with that of animals, 295 
Drosophyllum, structure of leaves, 
269 

, secretion by, 270 
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DnOBOPHYLWST, 

Drosophylluti'i* absorption bVj 27^^ 

f digestion 274 

Puval-JouvCj on AlJrovAndrtj 268 



E. 



EIUb^ on Dionitaf 2411 
Enamel, its digest ioti by Drosera, 
SB 

Erica, tetralix^ glandular hairs ot| 
234 

Etljer, eflVcu ob OH Droaera, 170 

, * oil Dionojai 246 

Euphorbia, [hrocessof aggregation ill 
roots of, 56 

Ewali.1, on peptogenes, lOG 
Exosniosofiom backis of leaves of Dro- 
seim, 188 



F. 

Faivre, on Nepentlios and Sarra* 
conia, 666 

Fat not digested by Drosera, 104 
Fayrer, Dr., on tiie nature of cobra 
poisi>o, 163 

, DU the nction of cobra poison 

oq animal protoplasm, 170 

, on cobra pjoiaon paralysing 

nerve centres, 183 

Farmant, nature of, in secretion of 
Drosera, 78, 81 

Fibrin, its digestion by Drosera, S4 
Fibtu-oartilage, its digestion by 
Drcuwrih 37 

Fibro-elastic ti-isuep not digested by 
Drosern, 100 

Fibrous basis of bone, its Jigeation by 
Drosora, 90 

Fluids, nitrogenous, offects of, on 
Drosera, G4 

Fouruier, on acids causing movements 
in stanieas of ISerberis, 1G0| 
KranklainJ, Prof., on naturo of acid in 
secretion of Drosent, 73 
Fraustadt, A., on iHoiiseu, 232, 233 
, on roots of Dionffift, 283 



IJAiDKSII.iix, 



G. 



CalvaiiUm, current of, causing in* 
Hection of Drosera, 31 
“ — , cfFects of, on Diousea, 256 
Gardiner, W.,on Di'O^ra dichotoma, 5 
— — on the Ilhabdoid, 32 
“j aggregation, 34 

on process of secretion in 

Urosera, 72 

-, on iatercsllular protoplasm, 

200 

■, ou coatractility of plaot-cellf, 

209 

■, on glatid-tella of Diomea, 233 

Gardner, bfr., on Gtriculaiia nelimi-^ 
bifulia, 357 

Gelatine, jinpure, actioni on Drosera, 
67 



— I pure, its digestion by Droser,s, 
,02 



Genlisea africaua, 36 4 

filifurmb, 364 

omata, structure of, 360 

—— — i manner of capturing ]ircy, 363 
Glatidular hairs, absorpioii by, 273 

, summary on, 235 

GlauC]', On aggregation, 39 
Globulin, its digestion by Grosora, 93 
Gluten, its digestion by Drosem, 97 
Glycerine, inducing aggregation in 
Di osern, 45 

^ , action on Ilrosere, 173 

Gold chloride, action on Drosern, 150 
Goi'Uji-Ikisauejs, on the presence of a 
solvent in seeds of the vetch, 292 
Gra.'W, decoctioil of, action on I>ro- 
seni, 70 

Gray, Asa, on the Drosei'acea?, 2 
GrtDulaiid, on, Drosera, 1, 5 
Gum, action of, oti Drosern, 65 
Gun-cottoq, not digested by Drosera, 
103 



H. 

Harm at in, its digestion by Drosera, 
99 

Haidenliain, on peptogenes, 106 
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IJAIRS, 

Hairs, glanJubr, absorption by, 278 

j ^ summary on, 2S5 

Heat, indtiiiing aggregation In Dro^ 
sera, 4o 

, effect of, on Drojora, b6 

, oil Dioniea, 2,J7, 253 

liccke], on state of stamens of Bcr- 
beris after ejtcitenieut, 37 
Hof[iielster, yji presayre arresting 
movements of protoplasm, 52 
IJoliand, Mr., on Utricukria, 319 
Hrjofeer, fJr^, on carnEi'oroua plants, 2 

, on jioiver of digestion by Ke- 

peuthes, 31 

, history of observationa -on 

Dioncea, 231, 243 
Ilovelaoijuo, on UtriLiilaria, 343 
Hydrocyanic add, effects of, on 
Diouisa, 246 

HvtfcScyainus, action on Drosera, 70, 
lOS 



I. 

Iron cfilorlde, action on Drosern, 
151 

Isinglass, solution of, action on Di'o* 
sera, G7 



J, 

.folmson, Dt., on movement of Hower- 
Stems of l^inguloula, 307 



K. 

Kelleimann and Von Raumer, on 
nutrition of Drosera, 15 
Klein, Dr., cm mloi'cisciopio character 
of half digested bone, 88 

, on state of half digested fibro- 

cartUage, 87 

, on size of micrococci, 141 

Knight, Mr., cm feeding Diona^a, 243 
Kossman, Dr., on rhiiocephalous 
crustaceans, 288 j 



Mom. 

K unit el, on electric phenomena in 
Dionffift, 25G 

Knit a, on l>iona:a, 231, 233 



1. 

Lanhcater, h. lUy, oa glands of water 
plants, 268 

Lead chloride* action on Drnaera, 151 
Leaves of Drosera, bacts of, not 
sensitive, 188 

Legumin,its digestion by Drosera, 96 
Lemna, agEiegation in loaves of, .'}+ 
Lime, carbouats of, precipitated, 
causing inflection of Drosern, 23 

, pii&sphntG of, its action on 

Droscra, M 

Liniiaius, on Dlonflca, 243 
Lithium, s*lb of, action on Drasicra, 
148 



K. 

Magnesium, salts of, action on Dro- 
ss ra, 149 

Manganese chloride, action on Dro- 
aera, 151 

Marsliall, Mr. W., on Pinguicukj. 
293 

>feana of movement in Dionien, 253 

in Driisera, 293 

if eat, infusion of, causing aggrega- 
tion In Drosera, 44 

, , action ou Di'oscra. 67 

■, its digestioti by Droaura, 83 

Mercury perphJoride, nation on Dro- 
sera, 150 

Milk, inducing aggregation in Dro- 
sera, 44- 

, action an TJ’roscrn, CG 
— — -, lEa dlgeation by Urosera, 94 
MIrabilis loiiglffora, glandular hairs 
of, 284 

Moggi'idge, Traherne, on aeiJa in- 
juring eecda, 105 
Moore, Dr., ou Rlnguiculn, 315 
Mori, on Aldrovanda, 263 
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Morphia nutate, action on Dro^crji] 
lt57 

Morren, K.^ on DTosorn hinatST 327 
Motor itrLpu)sE> in Drosera, 200 
— ill Dioneea, 252 
^Toreinent, origin of power ofp 29 h 1 
AJoyeiiioiiU of leaves of Pinguieula, 
299 

of tentades of DroacrsT means 

of, 200 

— — of I>Loniea, niernis of, 252 
Mucin, not iligeateJ by Dro(i«ra, 100 
^[ucu9, action on Dimera, 67 
Miiller, Fritz, on ihizocephalous 

crtiiilaceans, 2BJ? 

^luuk, on Dlouxu, 234, 247 

, on electric phenomena in Dion iun, 

256 



K. 

Nepenthes, its power of digestion, SI 
Nickel chinride, uution. on Di^osera, 
152 

NicotiAOii tahacnin, glamlular hairs 
of, 2S4 

Nicotine, action on Drosei'O, 165 
Nitric ether, action oti Drosera, 180 
Nitschkc, Dr., references to his pajiers 
on Drc^ra, 1 

, on sensitiveness of backs of 

leaves ofDrosera, 188 
, on direction of inflected ten- 
tacles in Drosera, 198 

, on AlLlrovaiula, 26 1 

Nouri^jhmeiit, various means of, by 
|»lants, 36 5 

NuttftI 1, Dr* , on rc^ez pansion of Dionma, 

257 



0. 

Odour of pepsin, emitted from leaves 
of Dresera, 74 

Ools, W., on comp, anatomy of Di-o- 
seracea*, 2 

Oil, olive, action of, on Drosera, 60, 
104 



roiBos, 

Oliver, F,, on motor impulse, 204 
“ — , Pi-of, on Otricularia, 340, 
356-360 

Oudemans, on Dionjca, 233 



F. 

Papa w, juice of, hastening puttcfac- 
tioD, 331 

Particles, minute size of, causing 
iufleetjoti in Droaera, 24, 28 
Peas, decoction of, actiou on Droscra, 
69 

Pelargonium zonale, glandular hairs 
of, 283 

Penzig, Otto, on roots of Droso- 
phyllum, 288 

Peptiin, odour of, emitted from Dro- 
sera leaves, 74 

, not digested by Droaera, 101 

its aecretion by animals czeited 

only after absorption, 107 
Peptogenas, 10 G 

Pfeifer, on sensitivoneas of Dresera to 
contact, 22, 31 

, on nudeus in Droaera, 32 

, on aggregation, 34 

■, on Diomea, 256 

, on roots of eiirnivoroua plant:^, 

288 

, on PiDguleula, 314 

I'inguicula grand! flora, 315 

lusitaplca, 315 

vulgaris, structure of leaves 

and roots, 287 

, number of insects caught hv* 

298 

, power of movement, 299 

, secretion and absorption by, 307 

— — , digestion by, 307 

, leaves of, used to curdle milk, 

314 

, effects of secretion on living 

seeds, 315 

Plat In u III cliloride, action on Droaera, 
152 

Poisan of cobra and adder, their 
action on Diz>ee]ra, 168 
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KiLLtS, 

Pollen, its dii^estioii by Drasers., 9(J 
I'olypoinpholyx, stnictuns of^ 35S? 

] suits of!, iniiiicin^ oEErC" 

Ration in Droser.i, 43 

T f action on l^ros^ra, 146 

’ ■ pliosphaEe, not dscompoi^ed Lx' 

Droserfl, 147, 153 

Price, air, John, on Utriculatb, 345 
Priiiink sinensis, gl&ndular hairs oC 
231 

, number of glandular hnira of, 

Pi'otoplasm, flggrQgftteil, rc-dtssolu- 
tiou of, 40 

aggregation of, in Drosera, 32, 

34, 35 

, , in I>r<Mcra, rause<l bv 

small doses of eftrbonat& of am- 
monia, 119 

T 't ill Profiem, a redes 

action, lOG 

■ , ia vflrioiiis species of i)roi- 

nern, 224 

■, in Dionsea, 23vp, 242 

, — — , in Drosophyllum, 273, 

2^4 

“ — , , in Pingnicula, 299, 314 

■ , , in Uiricularia, 332, 335, 

346, 352 



Quinine, salts of, action on DroseiM, 
1G3 



llHiivxx'ater, amount of amtnouia in, 
140 

Pahs, Mr.f on Piuguioule, 315 
Pjinsom, Drr, notion of poisons on the 
yolk of eggs, 133 

Itees and Will, on digest! X'e action in 
I>rosera, 73, 81 

He^x^Minsion of headless tentacles of 
Drosera, 187 

of tentacles of Droscrii, 210 

■ of Ihonmn, 257 



SCIIlFI'. 



II 



Roots of Drnsero, I7 

process 

in, Ti3 



of aggrcgaliod 



s absorb carbonate of am- 

moma, 115 
— — of Ihonffo, 231 
— — of Droiioph vllum, £09 
— - of Piugnicula, 298 
Roridula, 270 

kuhidium chloride, njctioq, on Dioserii 
148 



Sachs, Prof., eflccts of heat on pro^ 
toplasm, 56* 59 

— — * on the iljssolntlon of proteid 
com pounds in the tissues of nknUi, 

I 292 

Salix'ii, action on Drosero, 67 
Salts and acids, Tariutis, effects of, 

I on Eubsciiuent action of ainmoDin, 

I 175 

Sanilersoit, Ptirdon, on coagulation of 
albumen from heat, 62 
" — * on acids replacing hydro- 
chloric in digestion, 74 

, on the digestion of dbrous 

batii of bone, 9U 

, of gluten, 97 

, of gicbuliu, 99 

— of chlorophyll* 103 

, on different etfect of sodium 

and potassium on auiniials, 152 
— on electric currents in Dioaxa, 
256 

Sarracenia, 365, 306 
Saxifrage umbrosa, glandular hairs 
of, 279 

Sohenk, ou ITlricukria, 348 
Schilf, on hydrochlorie acid dis- 
solving coagulated albumen, 71 

, va manner of digeaiion of 

albumen, 77 

, ou changes in meat during 

digestion, 83 

j on the coagulation of milk, 

04 
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Schiff, on the digestion of cjweiiij 95 

, on the digestion of mucus, 101 

on peptogenes, 106 
Schimjjcr^ on aggregfitioU| 

j on Utricnlnfin, 331, 333 

, cm Sormceniii purpurea^ 365 

Sciiloeiing, on nbsorjilion of nitro- 
gen by Nicotiann, li35 
Scott, ilr., on Droaero, 1 
Secretion of Drosera, general account 
of, 11 

, its antiseptic power, 13 

, beciimea acid from cxcitc- 

incist, 73 

, nature of its ferment, 7S, 

81 

bv Dionrea, 238 

V * * 

— -- by I>r<>sophylliim, 271 
by Pinguicnia, 307 

Seeils, living, acted on by J)i-oserEi, ' 
104 

^ — — 5 acted on by Pinguicula, 
3U, 314 ' I 

Senaitiveneas, tocaliwitiqu of, in Dro- | 
flc;i‘a, 187 ' 

— “ of Ihomea, 233 
^ ‘ of Pitiguica!?i, 2D9 
Silver nitrate, action on Drosera, 148 
Sodium, Balt* of, action oU Dross r«, 1 
143 . . i 

, indiicing aggregation in 

Drosetfi, 43 

Sondcra heterophyllfi, 229 
Sorby, Mr., on ccUmring matter of 
Drosei a, 4 

Spectroscope, its power (x>mpareJ 
with that of Droseru, 139 
Starch, action of, on iJroaei-a, 05, 
104 

Stein, on Aldtovnndji, 2G0 
Stroutium, salts of, action, on Pro- 
se ra, 149 

Stry^^hnine, fmlts of, action on Dro- 
scra, 162 

Sugar, solution of, action of, on Dro* 
tern, 65 

, — , inducing aggregation in 

Drosera, 44 

Sulphuric ether, action on Droseta, 
179 



Sulphuric ether, aetinn on Diona;a,246 
Synteniu, ita action on Drosera, 85 



T. 

Tait, Mr, on Droaophyllum, 2G9 
lay lor, Alfred, oa the detection of 
minute doses of poisons, 139 
Tea, iu fusion of, action on Drosera, 
66 

Tentacles of Drosera, move when 
glands cut off, 31, 187 

. , tufloction, direction of, 197 

, means of movement, 206 

, re-expacaion of, 210 

Theitic, action on Drosera, 166 
Till chloride, action on l^rosersi, 151 
Tissue, areolar, Us digestion by 
Dtosera, 85 

" — , fibro-ekstie, not digested by 
Drcseia, 190 

Tfsauea through wlisth impulse is 
traiiaiuitted in Drewern^, 200 

— — in Dionrea, 252 

ibuches repeated, causing inflection 
in Droaerni, 29 

Tran^iiiiaBion of motor impulse in 
Drosera, 190 

in Dionsea, 252 

Traubc, Dr., on artihcial cells, 17G 
Treat, Mrs., on Droaeni bliformia, 226 

, on DionEca, 251 

f. on TEilve ill Utriculatia, 329, 

330, 346 

Trecu], on Drosern, 1 , 5 
Treub, on Dischtdiq, 360, 367 
'r libera of L'tricularin montana, 354 
Turpentine, action on Drosera, 173 



XT, 



Urea, not digestdl by Drosera, 102 
Urine, action on Drosera, 66 
Utrieulnria clandestina, 346 
minor, 345 

montana, structure of bladdei^i 

34fl 
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Ctriculnria, inontaDn aiiimaJs cauclit 

0^5 ui>J ® 

■ -, absorption hy^ 353 

— ^^tuLers of, son-ing as te^^rroh-i, 

Utnculana neglects, structure of 
bladders, 3’31 

— =— , animals caught by, 327 

absorption by, 333 

, summary on absorfstion, 34 Q 
, ^ierelopmeut of bladders, 3il2 

Utricnlaria, various species of. 356 
Utticularia vulgaris, 345 



V. 

Veratrine, action on Drosera, lil-6 
Vessels in leaves of Urosera, 200 
Vessels of Dionffiji, 253 
Vines on digestive fluid of Xeiien- 
thcH, HI 

^ — , on the ferment of the Veteb, 2&2 
\ ogel, on effects of camphor on 
^ plants, 171 

Von Gomp and Wi|], on digestive 
^ action in Drosera, 73, 31 
Vries, H. de, on aggregation, 35, 39 



zi.vc. 



W. 



Warming, Dn, on Drosera, 2, 3 
on roots of litricularia 320 
' I t>n trichomes, 289 ' 

— 'T on Gen] Leo, .560 
— — , on porenchymotous cells !q 
tentacles cf Drosera, 205 
Water, drnpg cf, not ennsing inflec- 
tion in Drttsera, 30 

its power in causing agtreen- 
tion in Drosem, 45 ^ g 

— , its jKiwer ill causing inflection 
m Drosera, 113 

and various solutions, eflects of, 

on subsequent action of ammonia, 
1/4 

Wiesner, on Sarraeenla, 366 
Wilkinson, flcvJl. JL,on Utricularia, 



Z, 

Ziegler, his statements with respect 
to Droscra, 21, 204 

experiments by -cuttiiie vessel 
of Drosera, 202 

Zinc chloride, action on Drosera, 150 
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